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(54) METHOD FOR INSPECTING OPTICAL SYSTEM, METHOD FOR MANUFACTURING 
THE SAME, AND METHOD FOR MANUFACTURING ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform adjustment and 
evaluation so that environmental conditions where a 
device is installed and used can be mode available by 
inspecting the optical performance of an optical system 
using inspection light with a wavelength which is 
adjusted by a wavelength adjustment process. 
SOLUTION: The light from a light source 1 1 is applied to 
a test mask 13 through a lighting optical system 12, and 
the test pattern of the test mask 13 is transferred to a 
photosensitive substrate 1 5 via a projection optical 
system 14. Then, by observing or measuring the test 
pattern image transferred onto the photosensitive 
substrate 15 using such an observation device as an 
electron microscope, the optical performance of the 

projection optical system 14 can be evaluated, thus easily and similarly creating the same 
environment as that at the location where the optical system is installed or used under an 
environment where the optical performance of the optical system is adjusted and inspected, 
even if environmental conditions differ between the location, where the optical system is 
adjusted and inspected and where the optical system is installed or used. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The inspection method of optical system characterized by providing the following. The 
wavelength-adjustment process which adjusts the wavelength of the inspection light for inspecting the 
optical-character ability of the aforementioned optical system based on the difference between the 1st 
environmental condition by which the optical-character ability of optical system is inspected, and the 
2nd environmental condition for which the aforementioned optical system is used. The inspection 
process which inspects the optical-character ability of the aforementioned optical system using 
inspection light with the wavelength adjusted according to the aforementioned wavelength-adjustment 
process. 

[Claim 2] The manufacture method of optical system characterized by providing the following. The 1st 
inspection process which inspects the optical-character ability of optical system under the 1st 
environmental condition using the 1st inspection light with the 1st wave. The amount calculation 
process of adjustments which computes the amount of adjustments about the aforementioned optical 
system so that the optical-character ability of the aforementioned optical system may become the 
optimal under the 2nd environmental condition for which the aforementioned optical system is used. 
The optical adjustment process of adjusting the aforementioned optical system based on the amount of 
adjustments about the aforementioned optical system obtained at the aforementioned amount calculation 
process of adjustments. The 2nd inspection process which inspects the optical-character ability of the 
aforementioned optical system adjusted according to the aforementioned optical adjustment process 
under the 1st environmental condition of the above using the 2nd inspection light with the 2nd different 
predetermined wave from the inspection light of the 1st aforementioned wave. 
[Claim 3] The manufacture method of optical system characterized by providing the following. The 
amount calculation process of adjustments which computes the amount of adjustments about the 
aforementioned optical system based on the difference between the 1st environmental condition by 
which the optical-character ability of optical system is inspected, and the 2nd environmental condition 
for which the aforementioned optical system is used so that the optical-character ability of the 
aforementioned optical system may become the optimal under the 2nd environmental condition. The 
optical adjustment process of adjusting the aforementioned optical system based on the amount of 
adjustments about the aforementioned optical system obtained at the aforementioned amount calculation 
process of adjustments. The inspection process which inspects the optical property of the 
aforementioned optical system adjusted according to the aforementioned optical adjustment process 
using a checking light with the wavelength adjusted according to the aforementioned wavelength- 
adjustment process in the wavelength-adjustment process which adjusts the wavelength of a checking 
light for inspecting the optical-character ability of the aforementioned optical system under the 1st 
environmental condition of the above. 

[Claim 4] The aforementioned wavelength-adjustment process is the manufacture method of the optical 
system according to claim 3 characterized by including the wavelength calculation process of asking for 
the wavelength of the checking aforementioned light based on the difference between the 1st 
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environmental condition and the 2nd environmental condition of the above. 

[Claim 5] The aforementioned optical system is the manufacture method of the optical system according 
to claim 3 or 4 characterized by being the projection optical system which projects the image of the 
predetermined pattern formed on a mask on a photosensitive substrate. 

[Claim 6] The manufacture method of optical system characterized by providing the following. The 1st 
adjustment process which adjusts optical system under the 1st environmental condition. The 1st 
inspection process which inspects the optical-character ability of the aforementioned optical system 
adjusted according to the aforementioned 1st adjustment process under the 1st environmental condition 
of the above using inspection light with predetermined wavelength. The amount calculation process of 
adjustments which computes the amount of adjustments about the aforementioned optical system based 
on the difference between the 1st environmental condition by which the aforementioned 1st adjustment 
process and the 1st inspection process of the above are performed, and the 2nd environmental condition 
for which the aforementioned optical system is used so that the optical-character ability of the 
aforementioned optical system may become the optimal under the 2nd environmental condition of the 
above. The 2nd adjustment process which adjusts the aforementioned optical system based on the 
amount of adjustments about the aforementioned optical system obtained at the aforementioned amount 
calculation process of adjustments, the wavelength-adjustment process which adjust the wavelength of 
the aforementioned inspection light, and the 2nd inspection process which recheck under the 1st 
environmental condition of the above in the optical property of the aforementioned optical system 
adjusted according to the aforementioned 2nd adjustment process using the inspection light adjusted 
according to the aforementioned wavelength-adjustment process. 

[Claim 7] The aforementioned wavelength-adjustment process is the manufacture method of the optical 
system according to claim 6 characterized by including the wavelength calculation process of asking for 
the wavelength of the inspection light for rechecking the optical-character ability of the aforementioned 
optical system, based on the difference between the 1st environmental condition of the above, and the 
2nd environmental condition of the above. 

[Claim 8] The aforementioned optical system is the manufacture method of the optical system according 
to claim 6 or 7 characterized by being the projection optical system which projects the image of the 
predetermined pattern formed on a mask on a photosensitive substrate. 

[Claim 9] The exposure method characterized by providing the following. The process which offers the 
optical system manufactured by the manufacture method of optical system according to claim 8. The 
mask setting process of setting the aforementioned mask as the body side of the aforementioned optical 
system. The substrate setting process of setting the aforementioned photosensitive substrate as the image 
surface of the aforementioned optical system. The lighting process which illuminates the 
aforementioned mask, using light with the same wavelength as the inspection light used by the 
inspection light or the 1st inspection process of the above used by the 1st inspection process of the 
above as a light for exposure, and the projection process which projects the pattern image of the 
aforementioned mask on the aforementioned photosensitive substrate through the aforementioned 
projection optical system. 

[Claim 10] The manufacture method of the aligner equipped with the light source which outputs light 
with predetermined criteria wavelength in order to illuminate the mask with which the predetermined 
pattern characterized by providing the following was formed, and the projection optical system which 
projects the image of the pattern of the aforementioned mask on a photosensitive substrate. The amount 
calculation process of adjustments which computes the amount of adjustments about the aforementioned 
projection optical system based on the difference between the 1st environmental condition by which the 
aforementioned aligner is manufactured, and the 2nd environmental condition for which the 
aforementioned aligner is used so that the optical-character ability of the aforementioned projection 
optical system may become the optimal under the 2nd environmental condition. The optical adjustment 
process of adjusting the aforementioned projection optical system based on the amount of adjustments 
about the aforementioned projection optical system obtained at the aforementioned amount calculation 
process of adjustments. The wavelength-adjustment process which adjusts the criteria wavelength of the 
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light outputted from the aforementioned light source to the wavelength of a checking different light from 
this criteria wavelength. The inspection process which inspects the optical property of the 
aforementioned projection optical system adjusted according to the aforementioned adjustment process 
using a checking light with the wavelength adjusted according to the aforementioned wavelength- 
adjustment process under the 1 st environmental condition of the above. 

[Claim 1 1] The aforementioned wavelength-adjustment process is the manufacture method of the aligner 
according to claim 10 characterized by including the wavelength calculation process of asking for the 
wavelength of a checking light for inspecting the optical-character ability of the aforementioned 
projection optical system, based on the difference between the 1st environmental condition of the above, 
and the 2nd environmental condition of the above. 

[Claim 12] The manufacture method of the aligner equipped with the light source which outputs light 
with predetermined criteria wavelength in order to illuminate the mask with which the predetermined 
pattern characterized by providing the following was formed, and the projection optical system which 
projects the image of the pattern of the aforementioned mask on a photosensitive substrate. The 1st 
adjustment process which adjusts the aforementioned projection optical system under the 1st 
environmental condition. The 1st inspection process inspected under the 1st environmental condition of 
the above using light with the aforementioned criteria wavelength outputted from the aforementioned 
light source in the optical-character ability of the aforementioned projection optical system adjusted 
according to the aforementioned 1st adjustment process. The amount calculation process of adjustments 
which computes the amount of adjustments about the aforementioned projection optical system based on 
the difference between the 1st environmental condition by which the aforementioned 1st adjustment 
process and the 1st inspection process of the above are performed, and the 2nd environmental condition 
for which the aforementioned aligner is used so that the optical-character ability of the aforementioned 
projection optical system may become the optimal under the 2nd environmental condition. The 2nd 
adjustment process which adjusts the aforementioned projection optical system based on the amount of 
adjustments about the aforementioned projection optical system obtained at the aforementioned amount 
calculation process of adjustments, The wavelength-adjustment process which adjusts the criteria 
wavelength of the light outputted from the aforementioned light source to the wavelength of the light of 
the 2nd checking, The 2nd inspection process which inspects the optical property of the aforementioned 
projection optical system adjusted according to the 2 aforementioned adjustment processes using the 
aforementioned light with the wavelength adjusted according to the aforementioned wavelength- 
adjustment process of the 2nd checking under the 1st environmental condition of the above. 
[Claim 13] The aforementioned wavelength-adjustment process is the manufacture method of the aligner 
according to claim 12 characterized by including the wavelength calculation process of asking for the 
wavelength of the aforementioned light of the 2nd checking for rechecking the optical-character ability 
of the aforementioned projection optical system, based on the difference between the 1st environmental 
condition of the above, and the 2nd environmental condition of the above. 

[Claim 14] The manufacture method of an aligner given in any 1 term of the claim 10 characterized by 
having further the criteria wavelength setting process of setting the wavelength of the light which will be 
outputted from the aforementioned light source by the time it is installed in the basis of the 2nd 
environmental condition of the above for which the aforementioned aligner is used as the 
aforementioned criteria wavelength, or a claim 13. 

[Claim 15] The exposure method characterized by including the process which offers the aligner 
manufactured by the manufacture method of an aligner according to claim 14, the lighting process which 
illuminates the aforementioned mask with the criteria wavelength from the aforementioned light source, 
and the projection process which projects the pattern image of the aforementioned mask on the 
aforementioned photosensitive substrate through the aforementioned projection optical system. 
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Japan Patent Office is not responsible for any 
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2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the evaluation method of the 
projection optical system in the aligner which manufactures a semiconductor device and a liquid crystal 
display element according to an optical lithography process preferably especially about the evaluation 
method of optical system. 
[0002] 

[Description of the Prior Art] In order to manufacture elements, such as a semiconductor device and a 
liquid crystal display element, the aligner which carries out projection exposure of the mask as the 
projection original edition with which the predetermined pattern was formed on a photosensitive 
substrate through a projection optical system is used. The reflective refraction type projection optical 
system constituted combining lenses, such as a refracted type projection optical system which consists 
of lenses which have a penetrable optical property to the light of exposure wavelength as a projection 
optical system of such an aligner, such as an optical element of refractility, or an optical element of 
refractility, and the mirror as an optical element of reflection nature is used. 
[0003] On the other hand, in recent years, the degree of integration of the element represented by a 
semiconductor device, the liquid crystal display element, etc. increases, and detailed-izing also of the 
pattern imprinted on a photosensitive substrate is being enhanced. And in order to realize the aligner for 
manufacturing various kinds of elements including the aligner which can imprint the pattern of a mask 
good to a photosensitive substrate, and a semiconductor device with a further more high degree of 
integration, the very high optical-character ability which has higher resolution in the projection optical 
system in an aligner is required. 

[0004] In order to attain higher resolution, it is beginning to be used from the conventional extra-high 
pressure mercury lamp to which the light source which supplies exposure light also emits light in g line 
(436nm) or i line (365nm) as soon as the numerical aperture (NA) of a projection optical system is large 
in an excimer laser with more short wavelength etc. The place which these aligners are installed and is 
actually used is not necessarily the same as the environmental condition to which adjustment and 
evaluation of the projection optical system of an aligner were carried out. For example, compared with 
the altitude to which adjustment and evaluation of the projection optical system of an aligner were 
performed, far, the place which an aligner is installed and is actually used has the high altitude, and turns 
into a low place of average atmospheric pressure in many cases. 
[0005] 

[Problem(s) to be Solved by the Invention] Generally the atmospheric pressure from which the altitude 
changes changes, and the refractive index of air changes in connection with it. And if the refractive 
index of air changes, in the optical element of refractility, such as a lens, etc., the angle of refraction of 
the beam of light in a refracting interface will change, consequently the image formation performance of 
optical system will change. 

[0006] In the former, when the altitude (it is hereafter called lowlands.) which performs adjustment of 
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the projection optical system of an aligner and evaluation differs from the altitude (it is hereafter called 
Sound.) for which an aligner is actually installed and used, in lowlands a projecUon optical system 
S once ie into a desired image formation performance by adjustment etc. Then, the lens in erva I of a 
oroiection optical system is changed, for example, and in the state where the aligner was moved and 
STmTgh gZnd, the image formation performance of a projection optical system is intentionally 
changed so that the image formation performance of a request of a projection optical system can be 

r0007motever, when the aberration offset for different altitude in a projection optical system is added, 
foe image formation performance of a projection optical system gets worse, and exac evaluation of the 
image formation performance of a projection optical system becomes difficult in lowlands. For this 
reason, in order for an aligner to check beforehand the optical-character ability of the projection optical 
system in the place actually installed and used in lowlands, a large-scale facility and large-scale time 
such as an atmospheric pressure adjustable game par which can contain the whole aligner are needed. 
r00081 Then, this invention aims at offering the manufacture method of the inspection method of optical 
ystem that the image-formation performance of optical system such as a projection optical system, can 
be adjusted and estimated that equipment becomes the same as the environmental condition installed and 
used also under a different environmental condition from the environmental condition for which it is 
made in view of the above technical problem, and optical equipments, such as an aligner, are actually 
installed and used, the optical system using the inspection method, and an aligner. 

TThemeans for solving invention] In order to attain the above purpose, in invention concerning a claim 
1 The wavelength-adjustment process which adjusts the wavelength of the inspection light for inspecting 
the optical-character ability of the aforementioned optical system based on the difference between the 
1st environmental condition by which the optical-character ability of optical system is inspected, and the 
2nd environmental condition for which the aforementioned optical system is used, The inspection 
method of optical system of having the inspection process which inspects the optical-character ability of 
the aforementioned optical system using inspection light with the wavelength adjusted according to the 
aforementioned wavelength-adjustment process is offered 

[0010] The 1st inspection process which inspects the opucal-character ability of optica system under the 
1st environmental condition in invention concerning a claim 2 using the 1st inspection hghtwith the 1st 
wave The amount calculation process of adjustments which computes the amount of adjustments about 
the aforementioned optical system so that the optical-character ability of the aforementioned optical 
system may become the optimal under the 2nd environmental condition for which the aforementioned 
optical system is used, The optical adjustment process of adjusting the aforementioned optical system 
based on the amount of adjustments about the aforementioned optical system obtained at the 
aforementioned amount calculation process of adjustments, The manufacture method of optical system 
of having the 2nd inspection process which inspects the optical-character ability of the aforementioned 
optical system adjusted according to the aforementioned optical adjustment process under the 1st 
environmental condition of the above is offered using the 2nd inspection light with the 2nd different 
predetermined wave from the inspection light of the 1 st aforementioned wave. 
[001 1] In invention concerning a claim 3, it is based on the difference between the 1st environmental 
condition by which the optical-character ability of optical system is inspected, and the 2nd 
environmental condition for which the aforementioned optical system is used. The amount calculation 
process of adjustments which computes the amount of adjustments about the aforementioned optical 
system so that the optical-character ability of the aforementioned optical system may become the 
optimal under the 2nd environmental condition, The optical adjustment process of adjusting the 
aforementioned optical system based on the amount of adjustments about the aforementioned optical 
system obtained at the aforementioned amount calculation process of adjustments, The wavelength- 
adjustment process which adjusts the wavelength of a checking light for inspecting the optical-character 
ability of the aforementioned optical system The manufacture method of optical system of having the 
inspection process which inspects the optical property of the aforementioned optical system adjusted 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/5/2003 



Page 3 of 18 



according to the aforementioned optical adjustment process using a checking light with the wavelength 
adjusted according to the aforementioned wavelength-adjustment process under the 1st environmental 
condition of the above is offered. 

[0012] In invention concerning a claim 4, the aforementioned wavelength-adjustment process offers the 
manufacture method of optical system including the wavelength calculation process of asking for the 
wavelength of the checking aforementioned light based on the difference between the 1st environmental 
condition and the 2nd environmental condition of the above, based on invention of the above-mentioned 
claim 3. In invention concerning a claim 5, the manufacture method of the optical system which is a 
projection optical system which projects the image of the predetermined pattern with which the 
aforementioned optical system is formed on a mask on a photosensitive substrate is offered based on 
invention of the above-mentioned claim 3 and a claim 4. 

[0013] The 1st adjustment process which adjusts optical system under the 1st environmental condition 
in invention concerning a claim 6, The 1st inspection process which inspects the optical-character ability 
of the aforementioned optical system adjusted according to the aforementioned 1st adjustment process 
under the 1st environmental condition of the above using inspection light with predetermined 
wavelength, It is based on the difference between the 1st environmental condition by which the 
aforementioned 1st adjustment process and the 1st inspection process of the above are performed, and 
the 2nd environmental condition for which the aforementioned optical system is used. The amount 
calculation process of adjustments which computes the amount of adjustments about the aforementioned 
optical system so that the optical-character ability of the aforementioned optical system may become the 
optimal under the 2nd environmental condition of the above, The 2nd adjustment process which adjusts 
the aforementioned optical system based on the amount of adjustments about the aforementioned optical 
system obtained at the aforementioned amount calculation process of adjustments, The manufacture 
method of optical system of having the wavelength-adjustment process which adjusts the wavelength of 
the aforementioned inspection light, and the 2nd inspection process which rechecks the optical property 
of the aforementioned optical system adjusted according to the aforementioned 2nd adjustment process 
using the inspection light adjusted according to the aforementioned wavelength-adjustment process 
under the 1st environmental condition of the above is offered. 

[0014] In invention concerning a claim 7, the aforementioned wavelength-adjustment process offers the 
manufacture method of optical system including the wavelength calculation process of asking for the 
wavelength of the inspection light for rechecking the optical-character ability of the aforementioned 
optical system, based on the difference between the 1st environmental condition of the above, and the 
2nd environmental condition of the above based on invention of a claim 6. In invention concerning a 
claim 8, the aforementioned optical system offers the manufacture method of the optical system which is 
a projection optical system which projects the image of the predetermined pattern formed on a mask on 
a photosensitive substrate based on invention of the above-mentioned claim 6 and a claim 7. 
[0015] The process which offers the optical system manufactured by the manufacture method of optical 
system according to claim 8 in invention concerning a claim 9, The mask setting process of setting the 
aforementioned mask as the body side of the aforementioned optical system, and the substrate setting 
process of setting the aforementioned photosensitive substrate as the image surface of the 
aforementioned optical system, The lighting process which illuminates the aforementioned mask, using 
light with the same wavelength as the inspection light used by the inspection light or the 1st inspection 
process of the above used by the 1st inspection process of the above as a light for exposure, The 
exposure method including the projection process which projects the pattern image of the 
aforementioned mask on the aforementioned photosensitive substrate through the aforementioned 
projection optical system is offered. 

[0016] In order to illuminate the mask with which the predetermined pattern was formed in invention 
concerning a claim 10 In the manufacture method of the aligner equipped with the light source which 
outputs light with predetermined criteria wavelength, and the projection optical system which projects 
the image of the pattern of the aforementioned mask on a photosensitive substrate It is based on the 
difference between the 1st environmental condition by which the aforementioned aligner is 
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manufactured, and the 2nd environmental condition for which the aforementioned aligner is used. The 
amount calculation process of adjustments which computes the amount of adjustments about the 
aforementioned projection optical system so that the optical-character ability of the aforementioned 
projection optical system may become the optimal under the 2nd environmental condition, The optical 
adjustment process of adjusting the aforementioned projection optical system based on the amount ot 
adjustments about the aforementioned projection optical system obtained at the aforementioned amount 
calculation process of adjustments, The wavelength-adjustment process which adjusts the criteria 
wavelength of the light outputted from the aforementioned light source to the wavelength of a checking 
different light from this criteria wavelength, The manufacture method of the aligner which has the 
inspection process which inspects the optical property of the aforementioned projection optical system 
adjusted according to the aforementioned adjustment process using a checking light with the wavelength 
adjusted according to the aforementioned wavelength-adjustment process under the 1st environmental 
condition of the above is offered. 

[0017] In invention concerning a claim 1 1, the aforementioned wavelength-adjustment process otters 
the manufacture method of an aligner including the wavelength calculation process of asking for the 
wavelength of a checking light for inspecting the optical-character ability of the aforementioned 
projection optical system, based on the difference between the 1st environmental condition of the above, 
and the 2nd environmental condition of the above based on invention of a claim 1 0. In order to 
illuminate the mask with which the predetermined pattern was formed in invention concerning a claim 
12 In the manufacture method of the aligner equipped with the light source which outputs light with 
predetermined criteria wavelength, and the projection optical system which projects the image of the 
pattern of the aforementioned mask on a photosensitive substrate The 1st inspection process inspected 
under the 1st environmental condition of the above using light with the aforementioned criteria 
wavelength outputted from the aforementioned light source in the optical-character ability of the 
aforementioned projection optical system adjusted according to the 1st adjustment process which adjusts 
the aforementioned projection optical system under the 1st environmental condition, and the 
aforementioned 1st adjustment process, It is based on the difference between the 1st environmental 
condition by which the aforementioned 1 st adjustment process and the 1 st inspection process of the 
above are performed, and the 2nd environmental condition for which the aforementioned aligner is used. 
The amount calculation process of adjustments which computes the amount of adjustments about the 
aforementioned projection optical system so that the optical-character ability of the aforementioned 
projection optical system may become the optimal under the 2nd environmental condition, The 2nd 
adjustment process which adjusts the aforementioned projection optical system based on the amount of 
adjustments about the aforementioned projection optical system obtained at the aforementioned amount 
calculation process of adjustments, The wavelength-adjustment process which adjusts the criteria 
wavelength of the light outputted from the aforementioned light source to the wavelength of the light of 
the 2nd checking, The manufacture method of the aligner which has the 2nd inspection process which 
inspects the optical property of the aforementioned projection optical system adjusted according to the 2 
aforementioned adjustment processes using the aforementioned light with the wavelength adjusted 
according to the aforementioned wavelength-adjustment process of the 2nd checking under the 1st 
environmental condition of the above is offered. 

[0018] In invention concerning a claim 13, the aforementioned wavelength-adjustment process offers 
the manufacture method of an aligner including the wavelength calculation process of asking for the 
wavelength of the aforementioned light of the 2nd checking for rechecking the optical-character ability 
of the aforementioned projection optical system, based on the difference between the 1st environmental 
condition of the above, and the 2nd environmental condition of the above based on invention of a claim 
12. In invention concerning a claim 14, the manufacture method of the aligner which has further the 
criteria wavelength setting process of setting the wavelength of the light which will be outputted from 
the aforementioned light source by the time it is installed in the basis of the 2nd environmental condition 
of the above for which the aforementioned aligner is used based on invention of any 1 term of a claim 10 
or a claim 13 as the aforementioned criteria wavelength is offered. 
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[0019] In invention concerning a claim 15, the exposure method including the process which offers the 
aligner manufactured by the manufacture method of an aligner according to claim 14, the lighting 
process which illuminates the aforementioned mask with the criteria wavelength from the 
aforementioned light source, and the projection process which projects the pattern image of the 
aforementioned mask on the aforementioned photosensitive substrate through the aforementioned 
projection optical system is offered. 
[0020] 

[Embodiments of the Invention] As one factor of an environmental variation, change of the atmospheric 
pressure by the difference in elevation is mentioned. For example, if the altitude generally becomes 
high, atmospheric pressure will fall in connection with it. And the relation between the altitude, 
atmospheric pressure, and the temperature of air can be expressed by the relation shown in the following 
(1) formulas. 

(1) h= 18400 (1+alphaT) (log BO-log B) 

Here, h is the altitude (m) and B0. The atmospheric pressure (hPa) in lowlands and B are [ an air 
expansion coefficient (alpha= 0.0036728) and T of the atmospheric pressure (hPa) in high ground and 
alpha ] the temperature (degreeC) of the air in the altitude h. 

[0021] Next, the wavelength lambda (the inside of a vacuum 0.2-1.35 micrometers) of the light in the 
inside of standard air (15degreeC, 1.01325 xl05 Pa) and the refractive index nS of standard air A 
relation is given by the relation shown in the following (2) formulas. 

(2) (nS-1) xl08 =6432.8+2949810/(146-lambda-2) 
+ 25540/(41 -lambda-2) 

Moreover, the temperature T (degreeC) of atmospheric pressure P (Pa) and air and the refractive index 
nair of air A relation is given by the relation shown in the following (3) formulas. 

(3) nair =1+ [(nS-1 )P (1+7.501 xl0-3PbetaT) (l+15alpha)] / [1.013x105 (l+760betal5)] (1+alphaT) 
Here, it is betaT. And in beta 15, the relation of betaT =(l-049-0.0157T) x 10-6 and betal 5=0.8 135x1 0-6 
is materialized, respectively. 

[0022] And it can ask for the refractive index of the air in lowlands and high ground from the above (1) 
or (3) formulas. Moreover, refraction of dioptrics elements, such as a lens which constitutes the optical 
system in lowlands here, is considered, the refractive index of the air in now and lowlands — the 1st of 
dioptrics elements, such as a lens of nL and optical system, — wave lambdal the receiving absolute 
refractive index - the 1st to the refracting interface of dioptrics elements, such as a lens of nabsl and 
optical system, — wave lambdal the incident angle of a beam of light - theta 1 ~ It is [ of the refracting 
interface of dioptrics elements, such as a lens of optical system, ] lambda 1 the 1st wave. When making 
the angle of emergence of a beam of light into theta l r , in the refracting interface of a dioptrics element, 
the relation of the following (4) formulas is materialized from law of refraction (Snell's law). 

(4) Consider refraction of dioptrics elements, such as a lens which constitutes nairLxsin theta 1 
=nabslxsin thetal' one side, next the optical system in high ground, the refractive index of the air in now 
and high ground - the 1st to the refracting interface of dioptrics elements, such as a lens of nH and 
optical system, - wave lambdal the incident angle of a beam of light - theta 2 - It is [ of the refracting 
interface of dioptrics elements, such as a lens of optical system, ] lambda 1 the 1st wave. When making 
the angle of emergence of a beam of light into theta2', in the refracting interface of a dioptrics element, 
the relation of the following (5) formulas is materialized from law of refraction (Snell's law). 

(5) nairHxsin theta 2 =nabslxsin theta2' - here - thetal =theta2 and theta 1 - in the case of =theta2', 
since the angle of refraction in lowlands and high ground is the same, the aberration generated with 
optical system is the same However, as long as it is nairL!=nairH, the aberration in lowlands and high 
ground does not become the same. 

[0023] for this reason, in order to make the same angle of refraction in lowlands, and angle of refraction 
in high ground the 2nd to the refracting interface of dioptrics elements, such as a lens of optical system, 
- wave lambda2 the incident angle of a beam of light - theta 2 - It is [ of the refracting interface of 
dioptrics elements, such as a lens of optical system, ] lambda 2 the 2nd wave. Dioptrics elements, such 
as a lens of theta2 f and optical system, are the angle of emergence of a beam of light the 2nd wave 
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.ambda 2 What is necessary is just to satisfy the retotion of.be following (6) formulas, when setting the 

^^^^ 

SE» or more light sources from the optical integrator system ,s condensed, respecttvely, and rt 

KSomls&Tttl slwafer etc.) 14 by the projection optical system 14 (exposure). Here, the 
sy^m 14 consists of a refracted type projection optical system »hch <»naste of 

^onatof&e excimer laser oscillation section (laser chamber) 23 , and the jJ-^JJ' 
discharee electrode etc., and the reflected type diffraction grating 21. And the ****** ed) laser beam 

excimer laser is led to the lighting optical system 2 shown m taBDji- 
70029] mlover, *e optical division which branches the one section of the laser beam ousted ^from 
Ticimer laser to the injection side of the laser beam outputted from an excimer laser - a member 25 
having- Optical division - the reflective direction of a member 25 - optical division-- the 
wavEah monhor 24 as wavelength detection equipment which supervises the wavelength of the laser 
heZ wSTeTeSed the member 25 is formed As for this wavelength monitor 24 the wavelength of a 
^^£*m*v** optical elements, such as this etalon, including optical elemen s, such as an 
eTalon Furthermore when the output wavelength of the laser beam measured by this wavelength 

of wavelength ****** is computed) which computes the prism 22 m wavelength , and me 

uSaSr J (angle) of the reflected type diffraction grating 21 based on the information measured by the 
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calculation section 26 of ^^^^^^e d ffraction grating 21) based on the 
wavelength-adjustment means (prism MjJgWJ * ^ from the input sec tion 28. By 

measurement information from the ™?^^^^ justm L mechanism shown in the above 
12 and a projection optical system 14. evaluation met hod of the projection optical system 14 

material which constitutes a P[ 0 J ectlon ^ C i?S material which constitutes a projection 

perpendicularly with an inclination or an optical [axis etc . above-mentioned step 

[Step 2] In order to check whether the P r °J ec *™J^ in the environmental 

\ is filling predetermined ^^^^^^S^ system 14 is inspected 
condition of lowlands, at Step 2, °f c f^^^ JJ£l syste m 14 is estimated by the 
(or evaluation). The optical-character abi ^JJ^SS m shown in diawingj. , a projection optical 
technique of trial exposure for example. Wi h mal 3 with which the predetermined test 

system 14 is once attached in an aligner main part, the test masK 1 j photosensitive 
pattern was formed in the body ^^W^^^^^^rfiW^ 
Lbstrates (wafer with which the resist was appl ed) are et as t^™* ^ ^ fr Qm ^ 
optical system 14. And as shown in dj^wmgl , the tes « » f h test mask 13 is 

light source 1 through the lighting opt ed .^^^n opS ystem 14. Then, the optical- 
imprinted to the photosensitive substrate 15 flnougha P«JJ*S^fcc the test pattern image imprinted 

«ty of a projection ^f.^^^rperformsprrfaermined signal 
the body side of a projection optical system 14, ™.P™^"™™? ^ , ^jugate position to the 
processing in the image sorface ^^^^Z^^oTiliZiJofl image of a test 
output signal from the detection system which garnet g^S^ for ^ is iU uminated on 
mast and its Son pressing —00 from die processor, 

the above-mentioned test mask. Thereny, ,a can o k evaluated in 

aud optical-character abdtty of a projeehon opUcd ^system ' 14 can also be 

photoelectricity. Furthermore, optical-character abi WfjVW *""_"_ fo y r osure (evaluation). 
Lpected also by the to<^^ s, ^J2vfeSnS me opS character abiliiy of a 
[0033] Here, as a result of the t f^f o ^^Sto 0 ?ap^jecUon optical system 14 is not 

atih^^S^ 
following step 3. 
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"I Ira**- if « cartes out - atmospheric pressure BH in a point with an altitude of 1000m 
Slund) It becomes like (9) formulas shown below from (1) formula mentioned abovo 
S Th?mte of an optical refraction whose wavelength to standard a,r (temperature : 15*g«g 
atmospheric pressure : 1.01325x105 Pa- 1013.25 hPa) is 0 2484 mtcrometera becomes 902.8221 hPa 
main like BH =(10) shown below from above-mentioned (2) formula tormura. 
(fmite refractive index nairL of the air of 23 degreeC to 1.0003019, therefore the light whose 
wavelength m a point (lowlands) with an altitude of 50m is 0.2484 mierometera become like _n^ -(If) 
Zvn blow foratula by substituting the value of the above-mentioned (8) formuta and (10) formufas 
for the above-mentioned (3) formula. 1 nnmoon nn? ciHp and 

(1 1) The refractive index nairH of the air of 23 degreeC to the light nairL=l. 0002920 one side and 
whose wavelength with an above sea level of 1000m are 0.2484 micrometers becomes hke ( 2) 
fomiulas shown below by substituting the value of the above-mentioned (9) formula and (10) formulas 

the environmental condition of the lowlands obtained at the 1st 
ub\tepmfeto ^= 0002617 (2nd sub step) (nairL=l. 0002920), The amount of adjustments or 
SSTSSfor high grounds is calculated so that the image formation performance in high ground 
Zt^fa Optimal about at least one of two or more of the optical elements which constitiite foe 
projection optical System 14 shown in drawing 1 based on the refractive index (nairH=l .0002617) of the 
air under the environmental condition of high ground. T , lo 

Here, he lens data of a projection optical system 14 shown fa, f drawing^ are 3 
1 as an example It is a thing in the state where, as for the lens data shown in following Table 1, the 
oS chaSr ability in lowlands was fully pulled out through the (evaluation process) in the 
^^^^Vca^m^ condition of the adjustment process of the above-men loned 
Z 1 a^ThTClands of the above-mentioned step 2. In Table 1, B shows the projection scale factor 
of a paction opTS system, and N A shows the number of the lens with which the .sequence of the lens 
sMe from a body (reticle 13) side and r show the interval of each lens side, and a left end sign to he 
Sus of curvature of a lens side, and d shows the distance (length between object images from the 
body side l^Se 13) to the image surface W (wafer 15), and a left end number to 6^3 for the 
numeral aperture by me side of the image of aprojection optical system However, all the lenses shown 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/5/2003 



Page 9 of 18 



in Table 1 consist of synthetic quartz, and the refractive index of the synthetic quartz to the light whose 
wavelength lambda is 0.2484 micrometers is 1.5083900. 
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The aberration view of a projection optical system shown in is shown in and 

. (a) in and (b) show the situation of the spherical aberration acquired based on the 

lens data shown in the above-mentioned table 1 . In J , drawing showing the situation [ as 

opposed to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (lowlands) with an 
altitude of 50m in (a) ] of spherical aberration and (b) are drawings showing the situation of spherical 
aberration to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (high ground) 

with an altitude of 1000m. However, the spherical-aberration view shown in (a) and 

_ (b) is a thing at the time of setting the refractive index of the air of the lens data shown in Table 1 to 
nairL=l .0002920 (refractive index of the air in lowlands with an altitude of 50m shown by the above- 
mentioned (11) formula). 

[0036] Moreover, (a) in and (b) show the situation of the distortion aberration acquired based 

on the lens data shown in the above-mentioned table 1 . In 

opposed to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (lowlands) with an 
altitude of 50m in (a) ] of distortion aberration and (b) are drawings showing the situation of distortion 
aberration to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (high ground) 

with an altitude of 1000m. However, the distortion aberration view of (a) and 

a thing at the time of setting the refractive index of the air of the lens data shown in Table 1 to 
nairH=l. 000261 7 (refractive index of the air in high ground with an altitude of 1000m shown by the 
above-mentioned (12) formula). 

[0037] As mentioned above, as shown in (a) and (a), as for the projection optical 

system shown in Table 1, it turns out that aberration is amended good at a point (lowlands) with an 

altitude of 50m. However, as shown in (b) and (b), that aberration is getting worse 

5 micrometers of spherical aberration 
have occurred at the maximum cuts the projection optical system shown in Table 1 by **. 
[0038] Thus, in the situation which many aberration, such as big spherical aberration and distortion 
aberration, has generated, optical-character ability of a request of a projection optical system cannot be 
demonstrated. Therefore, in a projection optical system, it is necessary to give the offset for high 
grounds with an altitude of 1000m to beforehand. Then, at the 2nd sub step, in order to pull out good 
optical-character ability at a point (high ground) with an altitude of 1000m, the amount of adjustments 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the evaluation method of the 
projection optical system in the aligner which manufactures a semiconductor device and a liquid crystal 
display element according to an optical lithography process preferably especially about the evaluation 
method of optical system. 
[0002] 

[Description of the Prior Art] In order to manufacture elements, such as a semiconductor device and a 
liquid crystal display element, the aligner which carries out projection exposure of the mask as the 
projection original edition with which the predetermined pattern was formed on a photosensitive 
substrate through a projection optical system is used. The reflective refraction type projection optical 
system constituted combining lenses, such as a refracted type projection optical system which consists 
of lenses which have a penetrable optical property to the light of exposure wavelength as a projection 
optical system of such an aligner, such as an optical element of retractility, or an optical element of 
refractility, and the mirror as an optical element of reflection nature is used. 
[0003] On the other hand, in recent years, the degree of integration of the element represented by a 
semiconductor device, the liquid crystal display element, etc. increases, and detailed-izing also of the 
pattern imprinted on a photosensitive substrate is being enhanced. And in order to realize the aligner for 
manufacturing various kinds of elements including the aligner which can imprint the pattern of a mask 
good to a photosensitive substrate, and a semiconductor device with a further more high degree of 
integration, the very high optical-character ability which has higher resolution in the projection optical 
system in an aligner is required. 

[0004] In order to attain higher resolution, it is beginning to be used from the conventional extra-high 
pressure mercury lamp to which the light source which supplies exposure light also emits light in g line 
(436nm) or i line (365nm) as soon as the numerical aperture (NA) of a projection optical system is large 
in an excimer laser with more short wavelength etc. The place which these aligners are installed and is 
actually used is not necessarily the same as the environmental condition to which adjustment and 
evaluation of the projection optical system of an aligner were carried out. For example, compared with 
the altitude to which adjustment and evaluation of the projection optical system of an aligner were 
performed, far, the place which an aligner is installed and is actually used has the high altitude, and turns 
into a low place of average atmospheric pressure in many cases. 
[0005] 

[Problem(s) to be Solved by the Invention] Generally the atmospheric pressure from which the altitude 
changes changes, and the refractive index of air changes in connection with it. And if the refractive 
index of air changes, in the optical element of refractility, such as a lens, etc., the angle of refraction of 
the beam of light in a refracting interface will change, consequently the image formation performance of 
optical system will change. 

[0006] In the former, when the altitude (it is hereafter called lowlands.) which performs adjustment of 
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the projection optical system of an aligner and evaluation differs from the altitude (it is hereafter called 
high ground.) for which an aligner is actually installed and used, in lowlands, a projection optical system 
is once made into a desired image formation performance by adjustment etc. Then, the lens interval of a 
projection optical system is changed, for example, and in the state where the aligner was moved and 
installed in high ground, the image formation performance of a projection optical system is intentionally 
changed so that the image formation performance of a request of a projection optical system can be 
reproduced. 

[0007] However, when the aberration offset for different altitude in a projection optical system is added, 
the image formation performance of a projection optical system gets worse, and exact evaluation of the 
image formation performance of a projection optical system becomes difficult in lowlands. For this 
reason, in order for an aligner to check beforehand the optical-character ability of the projection optical 
system in the place actually installed and used in lowlands, a large-scale facility and large-scale time, 
such as an atmospheric pressure adjustable game par which can contain the whole aligner, are needed. 
[0008] Then, this invention aims at offering the manufacture method of the inspection method of optical 
system that the image-formation performance of optical system, such as a projection optical system, can 
be adjusted and estimated that equipment becomes the same as the environmental condition installed and 
used also under a different environmental condition from the environmental condition for which it is 
made in view of the above technical problem, and optical equipments, such as an aligner, are actually 
installed and used, the optical system using the inspection method, and an aligner. 
[0009] 

[The means for solving invention] In order to attain the above purpose, in invention concerning a claim 
1 The wavelength-adjustment process which adjusts the wavelength of the inspection light for inspecting 
the optical-character ability of the aforementioned optical system based on the difference between the 
1st environmental condition by which the optical-character ability of optical system is inspected, and the 
2nd environmental condition for which the aforementioned optical system is used, The inspection 
method of optical system of having the inspection process which inspects the optical-character ability of 
the aforementioned optical system using inspection light with the wavelength adjusted according to the 
aforementioned wavelength-adjustment process is offered. 

[0010] The 1st inspection process which inspects the optical-character ability of optical system under the 
1st environmental condition in invention concerning a claim 2 using the 1st inspection light with the 1st 
wave, The amount calculation process of adjustments which computes the amount of adjustments about 
the aforementioned optical system so that the optical-character ability of the aforementioned optical 
system may become the optimal under the 2nd environmental condition for which the aforementioned 
optical system is used, The optical adjustment process of adjusting the aforementioned optical system 
based on the amount of adjustments about the aforementioned optical system obtained at the 
aforementioned amount calculation process of adjustments, The manufacture method of optical system 
of having the 2nd inspection process which inspects the optical-character ability of the aforementioned 
optical system adjusted according to the aforementioned optical adjustment process under the 1st 
environmental condition of the above is offered using the 2nd inspection light with the 2nd different 
predetermined wave from the inspection light of the 1st aforementioned wave. 
[001 1] In invention concerning a claim 3, it is based on the difference between the 1st environmental 
condition by which the optical-character ability of optical system is inspected, and the 2nd 
environmental condition for which the aforementioned optical system is used. The amount calculation 
process of adjustments which computes the amount of adjustments about the aforementioned optical 
system so that the optical-character ability of the aforementioned optical system may become the 
optimal under the 2nd environmental condition, The optical adjustment process of adjusting the 
aforementioned optical system based on the amount of adjustments about the aforementioned optical 
system obtained at the aforementioned amount calculation process of adjustments, The wavelength- 
adjustment process which adjusts the wavelength of a checking light for inspecting the optical-character 
ability of the aforementioned optical system The manufacture method of optical system of having the 
inspection process which inspects the optical property of the aforementioned optical system adjusted 
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according to the aforementioned optical adjustment process using a checking light with the wavelength 
adjusted according to the aforementioned wavelength-adjustment process under the 1st environmental 
condition of the above is offered. 

[0012] In invention concerning a claim 4, the aforementioned wavelength-adjustment process offers the 
manufacture method of optical system including the wavelength calculation process of asking for the 
wavelength of the checking aforementioned light based on the difference between the 1st environmental 
condition and the 2nd environmental condition of the above, based on invention of the above-mentioned 
claim 3. In invention concerning a claim 5, the manufacture method of the optical system which is a 
projection optical system which projects the image of the predetermined pattern with which the 
aforementioned optical system is formed on a mask on a photosensitive substrate is offered based on 
invention of the above-mentioned claim 3 and a claim 4. 

[0013] The 1st adjustment process which adjusts optical system under the 1st environmental condition 
in invention concerning a claim 6, The 1st inspection process which inspects the optical-character ability 
of the aforementioned optical system adjusted according to the aforementioned 1st adjustment process 
under the 1st environmental condition of the above using inspection light with predetermined 
wavelength, It is based on the difference between the 1st environmental condition by which the 
aforementioned 1st adjustment process and the 1st inspection process of the above are performed, and 
the 2nd environmental condition for which the aforementioned optical system is used. The amount 
calculation process of adjustments which computes the amount of adjustments about the aforementioned 
optical system so that the optical-character ability of the aforementioned optical system may become the 
optimal under the 2nd environmental condition of the above, The 2nd adjustment process which adjusts 
the aforementioned optical system based on the amount of adjustments about the aforementioned optical 
system obtained at the aforementioned amount calculation process of adjustments, The manufacture 
method of optical system of having the wavelength-adjustment process which adjusts the wavelength of 
the aforementioned inspection light, and the 2nd inspection process which rechecks the optical property 
of the aforementioned optical system adjusted according to the aforementioned 2nd adjustment process 
using the inspection light adjusted according to the aforementioned wavelength-adjustment process 
under the 1st environmental condition of the above is offered. 

[0014] In invention concerning a claim 7, the aforementioned wavelength-adjustment process offers the 
manufacture method of optical system including the wavelength calculation process of asking for the 
wavelength of the inspection light for rechecking the optical-character ability of the aforementioned 
optical system, based on the difference between the 1st environmental condition of the above, and the 
2nd environmental condition of the above based on invention of a claim 6. In invention concerning a 
claim 8, the aforementioned optical system offers the manufacture method of the optical system which is 
a projection optical system which projects the image of the predetermined pattern formed on a mask on 
a photosensitive substrate based on invention of the above-mentioned claim 6 and a claim 7. 
[0015] The process which offers the optical system manufactured by the manufacture method of optical 
system according to claim 8 in invention concerning a claim 9, The mask setting process of setting the 
aforementioned mask as the body side of the aforementioned optical system, and the substrate setting 
process of setting the aforementioned photosensitive substrate as the image surface of the 
aforementioned optical system, The lighting process which illuminates the aforementioned mask, using 
light with the same wavelength as the inspection light used by the inspection light or the 1st inspection 
process of the above used by the 1st inspection process of the above as a light for exposure, The 
exposure method including the projection process which projects the pattern image of the 
aforementioned mask on the aforementioned photosensitive substrate through the aforementioned 
projection optical system is offered. 

[0016] In order to illuminate the mask with which the predetermined pattern was formed in invention 
concerning a claim 10 In the manufacture method of the aligner equipped with the light source which 
outputs light with predetermined criteria wavelength, and the projection optical system which projects 
the image of the pattern of the aforementioned mask on a photosensitive substrate It is based on the 
difference between the 1st environmental condition by which the aforementioned aligner is 
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manufactured, and the 2nd environmental condition for which the aforementioned aligner is used. The 
amount calculation process of adjustments which computes the amount of adjustments about the 
aforementioned projection optical system so that the optical-character ability of the aforementioned 
projection optical system may become the optimal under the 2nd environmental condition, The optical 
adjustment process of adjusting the aforementioned projection optical system based on the amount of 
adjustments about the aforementioned projection optical system obtained at the aforementioned amount 
calculation process of adjustments, The wavelength-adjustment process which adjusts the criteria 
wavelength of the light outputted from the aforementioned light source to the wavelength of a checking 
different light from this criteria wavelength, The manufacture method of the aligner which has the 
inspection process which inspects the optical property of the aforementioned projection optical system 
adjusted according to the aforementioned adjustment process using a checking light with the wavelength 
adjusted according to the aforementioned wavelength-adjustment process under the 1st environmental 
condition of the above is offered. 

[0017] In invention concerning a claim 1 1, the aforementioned wavelength-adjustment process offers 
the manufacture method of an aligner including the wavelength calculation process of asking for the 
wavelength of a checking light for inspecting the optical-character ability of the aforementioned 
projection optical system, based on the difference between the 1st environmental condition of the above, 
and the 2nd environmental condition of the above based on invention of a claim 10. In order to 
illuminate the mask with which the predetermined pattern was formed in invention concerning a claim 
12 In the manufacture method of the aligner equipped with the light source which outputs light with 
predetermined criteria wavelength, and the projection optical system which projects the image of the 
pattern of the aforementioned mask on a photosensitive substrate The 1st inspection process inspected 
under the 1st environmental condition of the above using light with the aforementioned criteria 
wavelength outputted from the aforementioned light source in the optical-character ability of the 
aforementioned projection optical system adjusted according to the 1st adjustment process which adjusts 
the aforementioned projection optical system under the 1st environmental condition, and the 
aforementioned 1st adjustment process, It is based on the difference between the 1st environmental 
condition by which the aforementioned 1st adjustment process and the 1st inspection process of the 
above are performed, and the 2nd environmental condition for which the aforementioned aligner is used. 
The amount calculation process of adjustments which computes the amount of adjustments about the 
aforementioned projection optical system so that the optical-character ability of the aforementioned 
projection optical system may become the optimal under the 2nd environmental condition, The 2nd 
adjustment process which adjusts the aforementioned projection optical system based on the amount of 
adjustments about the aforementioned projection optical system obtained at the aforementioned amount 
calculation process of adjustments, The wavelength-adjustment process which adjusts the criteria 
wavelength of the light outputted from the aforementioned light source to the wavelength of the light of 
the 2nd checking, The manufacture method of the aligner which has the 2nd inspection process which 
inspects the optical property of the aforementioned projection optical system adjusted according to the 2 
aforementioned adjustment processes using the aforementioned light with the wavelength adjusted 
according to the aforementioned wavelength-adjustment process of the 2nd checking under the 1st 
environmental condition of the above is offered. 

[0018] In invention concerning a claim 13, the aforementioned wavelength-adjustment process offers 
the manufacture method of an aligner including the wavelength calculation process of asking for the 
wavelength of the aforementioned light of the 2nd checking for rechecking the optical-character ability 
of the aforementioned projection optical system, based on the difference between the 1st environmental 
condition of the above, and the 2nd environmental condition of the above based on invention of a claim 
12. In invention concerning a claim 14, the manufacture method of the aligner which has further the 
criteria wavelength setting process of setting the wavelength of the light which will be outputted from 
the aforementioned light source by the time it is installed in the basis of the 2nd environmental condition 
of the above for which the aforementioned aligner is used based on invention of any 1 term of a claim 10 
or a claim 13 as the aforementioned criteria wavelength is offered. 
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[0019] In invention concerning a claim 15, the exposure method including the process which offers the 
aligner manufactured by the manufacture method of an aligner according to claim 14, the lighting 
process which illuminates the aforementioned mask with the criteria wavelength from the 
aforementioned light source, and the projection process which projects the pattern image of the 
aforementioned mask on the aforementioned photosensitive substrate through the aforementioned 
projection optical system is offered. 
[0020] 

[Embodiments of the Invention] As one factor of an environmental variation, change of the atmospheric 
pressure by the difference in elevation is mentioned. For example, if the altitude generally becomes 
high, atmospheric pressure will fall in connection with it. And the relation between the altitude, 
atmospheric pressure, and the temperature of air can be expressed by the relation shown in the following 
(1) formulas. 

(1) h= 18400 (1+alphaT) (log BO-log B) 

Here, h is the altitude (m) and B0. The atmospheric pressure (hPa) in lowlands and B are [ an air 
expansion coefficient (alpha= 0.0036728) and T of the atmospheric pressure (hPa) in high ground and 
alpha ] the temperature (degreeC) of the air in the altitude h. 

[0021] Next, the wavelength lambda (the inside of a vacuum 0.2-1.35 micrometers) of the light in the 
inside of standard air (15degreeC, 1.01325 xl05 Pa) and the refractive index nS of standard air A 
relation is given by the relation shown in the following (2) formulas. 

(2) (nS-1) xl08 =6432.8+2949810/(146-lambda-2) 
+ 25540/(41-lambda-2) 

Moreover, the temperature T (degreeC) of atmospheric pressure P (Pa) and air and the refractive index 
nair of air A relation is given by the relation shown in the following (3) formulas. 

(3) nair =1+ [(nS-1 )P (1+7.501 xl0-3PbetaT) (l+15alpha)] / [1.013x105 (l+760betal5)] (1+alphaT) 
Here, it is betaT. And in beta 15, the relation of betaT =(1.049-0.0157T) xlO-6 and betal5=0.8135xl0-6 
is materialized, respectively. 

[0022] And it can ask for the refractive index of the air in lowlands and high ground from the above (1) 
or (3) formulas. Moreover, refraction of dioptrics elements, such as a lens which constitutes the optical 
system in lowlands here, is considered, the refractive index of the air in now and lowlands ~ the 1st of 
dioptrics elements, such as a lens of nL and optical system, - wave lambdal the receiving absolute 
refractive index - the 1st to the refracting interface of dioptrics elements, such as a lens of nabsl and 
optical system, - wave lambdal the incident angle of a beam of light - theta 1 - It is [ of the refracting 
interface of dioptrics elements, such as a lens of optical system, ] lambda 1 the 1st wave. When making 
the angle of emergence of a beam of light into theta l f , in the refracting interface of a dioptrics element, 
the relation of the following (4) formulas is materialized from law of refraction (Snell's law). 

(4) Consider refraction of dioptrics elements, such as a lens which constitutes nairLxsin theta 1 
=nabslxsin thetal' one side, next the optical system in high ground, the refractive index of the air in now 
and high ground — the 1st to the refracting interface of dioptrics elements, such as a lens of nH and 
optical system, - wave lambdal the incident angle of a beam of light theta 2 It is [ of the refracting 
interface of dioptrics elements, such as a lens of optical system, ] lambda 1 the 1st wave. When making 
the angle of emergence of a beam of light into theta2', in the refracting interface of a dioptrics element, 
the relation of the following (5) formulas is materialized from law of refraction (Snell f s law). 

(5) nairHxsin theta 2 =nabslxsin theta2' -- here - thetal =theta2 and theta 1 - in the case of '=theta2', 
since the angle of refraction in lowlands and high ground is the same, the aberration generated with 
optical system is the same However, as long as it is nairL!=nairH, the aberration in lowlands and high 
ground does not become the same. 

[0023] for this reason, in order to make the same angle of refraction in lowlands, and angle of refraction 
in high ground the 2nd to the refracting interface of dioptrics elements, such as a lens of optical system, 
- wave lambda2 the incident angle of a beam of light - theta 2 -- It is [ of the refracting interface of 
dioptrics elements, such as a lens of optical system, ] lambda 2 the 2nd wave. Dioptrics elements, such 
as a lens of theta2 ? and optical system, are the angle of emergence of a beam of light the 2nd wave 
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lambda 2 What is necessary is just to satisfy the relation of the following (6) formulas, when setting the 
receiving absolute refractive index to nabs2. 

(6) The following (7) formulas can be derived from the relation between the nairLxsin theta 2 
=nabs2xsin theta2*, therefore above (5) formula and the above-mentioned (6) formula. 

(7) nabs2=nairLxnabsl/nairH as mentioned above, where optical system is put on lowlands The light 
supplied from the light source is lambda 1 the 1st wave. By making it change to the 2nd wave with 
which the absolute refractive index of the dioptrics element which constitutes optical system is 
equivalent to the above-mentioned (7) formula Adjustment and evaluation can be carried out on the 
same conditions as the state where the optical-character ability of optical system was put on high 
ground, without using equipment with a large-scale atmospheric pressure adjustable chamber etc. for the 
whole optical equipment, such as an aligner. 

[0024] In addition, in order to adjust and evaluate the optical-character ability of optical system to 
accuracy more in this case, it is desirable for all the dioptrics elements that constitute optical system to 
consist of the same distributions, i.e., the ** material of the same kind. Now, the gestalt of operation of 
this invention is explained below, referring to drawing 1 and drawing 2 . 

[0025] Drawing 1 is the rough block diagram of the aligner by the gestalt of operation of this invention. 
As shown in drawing 1 , the light source 1 is 248nm. A KrF excimer laser and 193nm which oscillates a 
laser beam with wavelength It consists of laser light sources, such as an ArF excimer laser which 
oscillates a laser beam with wavelength. The light supplied from the light source 1 illuminates uniformly 
the mask with which the predetermined circuit pattern was formed through the lighting optical system 
12. 

[0026] Although not illustrated in drawing 1 , in addition, the lighting optical system 12 The beam 
plastic surgery optical system which operates the diameter of the flux of light from the light source 1 (or 
cross-section configuration of the flux of light) orthopedically in the diameter of the flux of light of a 
suitable size (or cross-section configuration of the flux of light), The optical integrator system which 
forms much light sources in response to the light from the beam plastic surgery optical system (one or 
more fly eye lenses or cylindrical optical member of the shape of an internal reflection type rod), The 
light from two or more light sources from the optical integrator system is condensed, respectively, and it 
has the capacitor optical system which illuminates a mask 13 in superposition. 

[0027] Now, the pattern image of the mask 13 illuminated by the lighting optical system 12 is imprinted 
by the photosensitive substrates (wafer etc.) 14 by the projection optical system 14 (exposure). Here, the 
projection optical system 14 consists of a refracted type projection optical system which consists of 
many refraction system optical elements, or a reflective refraction type projection optical system which 
consists of combination of many refraction system optical elements and the reflected type optical 
elements (a concave mirror, convex mirror, etc.) of at least one or more sheets. 
[0028] Drawing 2 shows the structure of the excimer laser as the light source 1 1 of an aligner shown in 
drawing 1 . As shown in drawing 2 , the excimer laser has wavelength ****** which ****** 
wavelength of the laser beam outputted from the excimer laser oscillation section 23 including a 
resonator, the excimer laser oscillation section (laser chamber) 23 and the prism 22 containing a 
discharge electrode etc., and the reflected type diffraction grating 21. And the ******( e d) laser beam 
which is injected from an excimer laser is led to the lighting optical system 12 shown in drawing 1 . 
[0029] moreover, the optical division which branches the one section of the laser beam outputted from 
an excimer laser to the injection side of the laser beam outputted from an excimer laser - a member 25 
arranges — having — optical division - the reflective direction of a member 25 — optical division - the 
wavelength monitor 24 as wavelength detection equipment which supervises the wavelength of the laser 
beam which reflected the member 25 is formed As for this wavelength monitor 24, the wavelength of a 
laser beam is measured using optical elements, such as this etalon, including optical elements, such as an 
etalon. Furthermore, when the output wavelength of the laser beam measured by this wavelength 
monitor 24 is not suitable, The amount calculation section 26 of adjustments (the amount of adjustments 
of wavelength ****** is computed) which computes the prism 22 in wavelength ******, and the 
inclination (angle) of the reflected type diffraction grating 21 based on the information measured by the 
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wavelength monitor 24, Based on the information from this amount calculation section of adjustments, 
the prism 22 and the reflected type diffraction grating 21 in wavelength ****** are formed in the 
suitable mechanical component 27 set up for inclining (angle), respectively. 
[0030] In addition, input, such as wavelength which should be set up, is inputted into the amount 
calculation section 26 of adjustments through the input sections 28, such as a console, and the amount 
calculation section 26 of adjustments computes the amount of wavelength adjustments about a 
wavelength-adjustment means (prism 22 and reflected type diffraction grating 21) based on the 
measurement information from the wavelength monitor 24, and the input from the input section 28. By 
using the excimer laser equipped with the output wavelength-adjustment mechanism shown in the above 
drawing 2 as the light source, the light of suitable wavelength can be led to the lighting optical system 
12 and a projection optical system 14. 

[0031] It explains referring to drawing 3 about the evaluation method of the projection optical system 14 
by this invention by the aligner shown in the above drawing 1 and drawing 2 . 

[Step 1] In lowlands, the projection optical system 14 setting up was finished by many optical members 
(a lens, lens attachment component, etc.) is adjusted. That is, the interval between the optical faculty 
material which constitutes a projection optical system 14 for the aberration generated according to a 
manufacture error, an assembly error, etc. of the optical faculty material which constitutes a projection 
optical system 13 in an amendment sake (for example, interval between lenses) is changed, or a 
projection optical system 14 is adjusted by making the variation rate of the optical member which 
constitutes a projection optical system 14 from this step 1 carry out in the direction which intersects 
perpendicularly with an inclination or an optical axis etc. 

[Step 2] In order to check whether the projection optical system 14 adjusted in the above-mentioned step 
1 is filling predetermined optical-character ability (image formation performance) in the environmental 
condition of lowlands, at Step 2, optical-character ability of a projection optical system 14 is inspected 
(or evaluation). The optical-character ability of a projection optical system 14 is estimated by the 
technique of trial exposure for example. With trial exposure, as shown in drawing 1 , a projection optical 
system 14 is once attached in an aligner main part, the test mask 13 with which the predetermined test 
pattern was formed in the body side of a projection optical system 14 is set up, and the photosensitive 
substrates (wafer with which the resist was applied) 15 are set as the image surface of a projection 
optical system 14. And as shown in drawing 1 , the test mask 13 is illuminated for the light from the 
light source 1 through the lighting optical system 12, and the test pattern image of the test mask 13 is 
imprinted to the photosensitive substrate 15 through a projection optical system 14. Then, the optical- 
character ability of a projection optical system 14 can be evaluated for the test pattern image imprinted 
on the photosensitive substrate 15 observation and by measuring using observation equipments, such as 
an electron microscope. 

[0032] In addition, it does not restrict to the technique of the trial exposure as technique which inspects 
optical-character ability of a projection optical system 14 (evaluation). For example, a test mask is set as 
the body side of a projection optical system 14, the processor which performs predetermined signal 
processing in the image surface of a projection optical system 14 or it, and a conjugate position to the 
output signal from the detection system which carries out photoelectrical detection of the image of a test 
mask, and its detection system is arranged, and light with the wavelength for exposure is illuminated on 
the above-mentioned test mask. Thereby, it can be based on processing information from the processor, 
and optical-character ability of a projection optical system 14 can be detected and evaluated in 
photoelectricity. Furthermore, optical-character ability of a projection optical system 14 can also be 
inspected also by the interferometer systems using light with the wavelength for exposure (evaluation). 
[0033] Here, as a result of the technique stated above estimating the optical-character ability of a 
projection optical system 14, when the optical-character ability of a projection optical system 14 is not 
filling predetermined optical-character ability, it returns to the above-mentioned step 1 again, and 
adjustment of a projection optical system 14 is performed again. Moreover, when the optical-character 
ability of a projection optical system 14 is filling predetermined optical-character ability, it shifts to the 
following step 3. 
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[Step 3] At Step 3, it computes in the 1st sub step first based on the difference in the atmospheric 
pressure as one of the differences in the environmental condition of lowlands and high ground about the 
refractive index of the air in lowlands, and the refractive index of the air in high ground. Next, in the 2nd 
sub step, the amount of offset for the high grounds of a projection optical system 14 is computed based 
on the refractive index of the air in the lowlands called for at the lens data after adjustment of the 
projection optical system 14 which passed through the above-mentioned step 2, and the 1st sub step, the 
refractive index of the air in high ground, and the amount of wavelength change. It explains concretely, 
giving one example to below about each sub step. 

(1st sub step) In the 1st sub step, it computes based on the atmospheric pressure difference of lowlands 
and high ground about the amount of wavelength change of the light outputted from the refractive index 
of the air in lowlands, the refractive index of the air in high ground and the object for evaluation, or the 
light source for exposure. 

[0034] The altitude in the point (lowlands) which performs adjustment of the projection optical system 
14 of an aligner, and evaluation First, above sea level [ of 50m ], The altitude in the point (high ground) 
which installs an aligner and actually uses this Above sea level [ of 1000m ], The wavelength lambda of 
the light oscillated from 23degreeC and the excimer laser which is the light source of an aligner in the 
temperature (setting temperature of an aligner) of the air in lowlands and high ground 0.2484 
micrometers, atmospheric pressure with an altitude of 0m (above sea level [ of 0m ]) - one atmospheric 
pressure (1013. 25hPa) and the atmospheric pressure in a point with an altitude of 50m (lowlands) - BL 
** - if it carries out - atmospheric pressure BL in a point with an altitude of 50m (lowlands) It becomes 
like (8) formulas shown below from (1) formula mentioned above. 

(8) BL =1007.4207hPa ~ again ~ the atmospheric pressure in a point with an altitude of 1000m (high 
ground) BH ** - if it carries out - atmospheric pressure BH in a point with an altitude of 1000m 
(high ground) It becomes like (9) formulas shown below from (1) formula mentioned above. 

(9) The rate of an optical refraction whose wavelength to standard air (temperature : 15degreeC, 
atmospheric pressure : 1.01325x105 Pa= 1013.25 hPa) is 0.2484 micrometers becomes 902.8221 hPa 
again like BH =(10) shown below from above-mentioned (2) formula formula. 

(10) The refractive index nairL of the air of 23 degreeC to 1.0003019, therefore the light whose 
wavelength in a point (lowlands) with an altitude of 50m is 0.2484 micrometers becomes like nS =(1 1) 
shown below formula by substituting the value of the above-mentioned (8) formula and (10) formulas 
for the above-mentioned (3) formula. 

(11) The refractive index nairH of the air of 23 degreeC to the light nairL=l. 0002920 one side and 
whose wavelength with an above sea level of 1000m are 0.2484 micrometers becomes like (12) 
formulas shown below by substituting the value of the above-mentioned (9) formula and (10) formulas 
for the above-mentioned (3) formula. 

(12) The refractive index of the air under the environmental condition of the lowlands obtained at the 1st 
sub step more than nairH=l. 00026 17 (2nd sub step) (nairL=l. 0002920), The amount of adjustments or 
adjustment value for high grounds is calculated so that the image formation performance in high ground 
may become the optimal about at least one of two or more of the optical elements which constitute the 
projection optical system 14 shown in drawing 1 based on the refractive index (nairH=l. 0002617) of the 
air under the environmental condition of high ground. 

[0035] Here, the lens data of a projection optical system 14 shown in drawing 4 are hung up over Table 
1 as an example. It is a thing in the state where, as for the lens data shown in following Table 1, the 
optical-character ability in lowlands was fully pulled out through the (evaluation process) in the 
inspection man under the environmental condition of the adjustment process of the above-mentioned 
step 1, and the lowlands of the above-mentioned step 2. In Table 1, B shows the projection scale factor 
of a projection optical system, and NA shows the number of the lens with which the sequence of the lens 
side from a body (reticle 13) side and r show the interval of each lens side, and a left end sign to the 
radius of curvature of a lens side, and d shows the distance (length between object images) from the 
body side R (reticle 13) to the image surface W (wafer 15), and a left end number to drawing 3 for the 
numerical aperture by the side of the image of a projection optical system However, all the lenses shown 
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in Table 1 consist of synthetic quartz, and the refractive index of the synthetic quartz to the light whose 
wavelength lambda is 0.2484 micrometers is 1.5083900. 
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The aberration view of a projection optical system shown in drawing 4 is shown in drawing 5 and 
drawing 6 . (a) in drawing 5 and (b) show the situation of the spherical aberration acquired based on the 
lens data shown in the above-mentioned table 1 . In drawing 5 , drawing showing the situation [ as 
opposed to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (lowlands) with an 
altitude of 50m in (a) ] of spherical aberration and (b) are drawings showing the situation of spherical 
aberration to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (high ground) 
with an altitude of 1000m. However, the spherical-aberration view shown in drawing 5 (a) and drawin g 
6 (b) is a thing at the time of setting the refractive index of the air of the lens data shown in Table 1 to 
nairL=l. 0002920 (refractive index of the air in lowlands with an altitude of 50m shown by the above- 
mentioned (11) formula). 

[0036] Moreover, (a) in drawing 6 and (b) show the situation of the distortion aberration acquired based 
on the lens data shown in the above-mentioned table 1 . In drawing 6 , drawing showing the situation [ as 
opposed to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (lowlands) with an 
altitude of 50m in (a) ] of distortion aberration and (b) are drawings showing the situation of distortion 
aberration to the wavelength of lambda= 0.2484 micrometers (the 1st wave) in a point (high ground) 
with an altitude of 1000m. However, the distortion aberration view of drawing 6 (a) and drawing 6 (b) is 
a thing at the time of setting the refractive index of the air of the lens data shown in Table 1 to 
nairH= 1.00026 17 (refractive index of the air in high ground with an altitude of 1000m shown by the 
above-mentioned (12) formula). 

[0037] As mentioned above, as shown in drawing 5 (a) and drawing 6 (a), as for the projection optical 
system shown in Table 1, it turns out that aberration is amended good at a point (lowlands) with an 
altitude of 50m. However, as shown in drawing 5 (b) and drawing 6 (b), that aberration is getting worse 
at a point (high ground) with an altitude of 1000m, for example, -5 micrometers of spherical aberration 
have occurred at the maximum cuts the projection optical system shown in Table 1 by **. 
[0038] Thus, in the situation which many aberration, such as big spherical aberration and distortion 
aberration, has generated, optical-character ability of a request of a projection optical system cannot be 
demonstrated. Therefore, in a projection optical system, it is necessary to give the offset for high 
grounds with an altitude of 1000m to beforehand. Then, at the 2nd sub step, in order to pull out good 
optical-character ability at a point (high ground) with an altitude of 1000m, the amount of adjustments 
or adjustment value of each optical element (lens) which constitutes the projection optical system shown 
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in drawing 4 is calculated, the lens data with which the amount of adjustments or adjustment value of 
each optical element (lens) is shown in Table 1 using arithmetic units, such as a computer, — being 
based - design automation, such as ray tracing, - a line — it asks by things When design automation is 
carried out [ ray tracing ] at this time, the refractive index of the air of Table 1 is a refractive index 
(nairH= 1.00026 17) of the air in high ground with an altitude of 1000m, as the above-mentioned (12) 
formula showed. 

[0039] In the following table 2, the lens data in which the adjustment value for the high grounds of the 
optical element (lens) which constitutes the projection optical system called for with arithmetic units, 
such as a computer, based on the lens data shown in Table 1 is shown are hung up. the example shown 
in Table 2 - a point (high ground) with an altitude of 1000m - setting - fitness - in order to pull out 
optical-character ability, the lens interval (air interval) of lens L2 -L29 shown in Table 1 is changed 
slightly, and the lens data in the state where the aberration offset for high grounds was added are shown 
Here, Table 2 shows the value of the lens interval (air interval) of lens L2 -L29 as an adjustment value 
of a lens. 
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L10 


14. 91713 




22.80000 


Lll 


2.79542 




27.00000 


L12 


2.87454 




28.00000 


L13 


2.50251 




27.00000 


L14 


1.65252 




31.00000 


LIS 


8.59879 




21.00000 


L16 


9.76690 




17.00000 


L17 


31.54381 




15.90000 


L18 


56.68480 




18.00000 


L19 


6.27984 




23.00000 


L20 


1.14425 




23.00000 


L21 
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42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 



-339.03822 
460. 54759 
-326.27369 
-231.89968 
-372. 57441 
390.03678 
-1994.66000 
182. 18377 
525.45378 
138.67730 
312.43609 
511.48346 
81.45867 
93.64185 
934.34560 
826.70065 
1680.21000 



2.92562 
40.00000 

9.43390 
27.00000 

1.10621 
28.00000 

4.83821 
29.00000 

3.29556 
39.90000 

9.82752 
23.00000 

7.05951 
34.00000 

1.99581 
35.00000 
28.74943 



L22 



oo 



(250 

L23 

L24 

L25 

L26 

L27 

L28 

L29 
($» 
W 



(c) in drawing 5 and (d) show the situation of the spherical aberration acquired based on the lens data 
shown in the above-mentioned table 2. [ when (c) gives the aberration offset which is the altitude of 
1000m and which is turned a point (high ground) to a projection optical system in drawing 5 ] [ when 
drawing showing the situation of the spherical aberration under the environmental condition in the 
lowlands to the wavelength of lambda= 0.2484 micrometers (the 1st wave) and (b) give the aberration 
offset which is the altitude of 1000m and which is turned a point (high ground) to a projection optical 
system ] It is drawing showing the situation of the spherical aberration under the environmental 
condition in the high ground to the wavelength of lambda= 0.248318 micrometers (the 2nd wave). 
However, the spherical-aberration view which the spherical-aberration view shown in drawing 5 (c) is a 
thing at the time of setting to nairL=l .0002920 (refractive index of the air in lowlands with an altitude of 
50m) the refractive index of the air of the lens data shown in Table 2, and is shown in drawing 5 (d) is a 
thing at the time of setting to nairH=l .0002617 (refractive index of the air in high ground with an 
altitude of 1000m) the refractive index of the air of the lens data shown in Table 2. 
[0040] Moreover, (c) in drawing 6 and (d) show the situation of the spherical aberration acquired based 
on the lens data shown in the above-mentioned table 2. [ when (c) gives the aberration offset which is 
the altitude of 1000m and which is turned a point (high ground) to a projection optical system in 
drawing 6 ] [ when drawing showing the situation of the distortion aberration under the environmental 
condition in the lowlands to the wavelength of lambda= 0.2484 micrometers (the 1st wave) and (b) give 
the aberration offset which is the altitude of 1000m and which is turned a point (high ground) to a 
projection optical system ] It is drawing showing the situation of the distortion aberration under the 
environmental condition in the high ground to the wavelength of lambda= 0.248318 micrometers (the 
2nd wave). However, the distortion aberration view which the distortion aberration view shown in 
drawing 6 (c) is a thing at the time of setting to nairL=l. 0002920 (refractive index of the air in lowlands 
with an altitude of 50m) the refractive index of the air of the lens data shown in Table 2, and is shown in 
drawing 5 (d) is a thing at the time of setting to nairH=l .00026 17 (refractive index of the air in high 
ground with an altitude of 1000m) the refractive index of the air of the lens data shown in Table 2. 
[0041] In addition, although the distortion aberration view shown in the spherical-aberration view and 
drawing 6 (d) which are shown in drawing 5 (d) is mentioned later, it sets the refractive index of the air 
of the lens data shown in Table 2 to nairL=l. 0002920 (refractive index of the air in lowlands with an 
altitude of 50m shown by the above-mentioned (12) formula), and agrees in the spherical-aberration 
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curve and distortion aberration curve in the case where the wavelength of light is changed into lambda= 
0.248318 micrometers (the 2nd wave) 

[0042] If the value of aberration offset (for example, lens interval of L2 -L29 (air interval)) of a 
projection optical system is calculated as shown in the above table 2, it will shift to the following step 4. 
[Step 4] At Step 4, the setting position of each lens which constitutes a projection optical system etc. is 
readjusted based on the value of aberration offset (for example, lens interval of L2 -L29 shown in Table 
2 (air interval)) of the projection optical system called for at the 2nd sub step of the above-mentioned 
step 3. And if the process of this readjustment is completed, the projection optical system by which 
difference adjustment was carried out will be attached in the aligner main part shown in drawing 1 , and 
will shift to the adjustment process of the output wavelength of the following step 5 after that. 
[Step 5] At Step 5, in order to reproduce the environmental condition in high ground in false under the 
environmental condition in lowlands on the occasion of inspection (evaluation) of a projection optical 
system, the wavelength (the 1st wave) of a checking light first supplied from the light source 1 1 for the 
exposure for inspecting a projection optical system 14 (evaluation) is set up and adjusted to 
predetermined wavelength (the 2nd wave). 

[0043] At Step 5, it precedes adjusting the wavelength of the light supplied from the light source 1 1, and 
the 2nd wave (wavelength which is different in the 2nd wave) as setting wavelength or adjustment 
wavelength is computed first. That is, at Step 5, it has the 1st sub step which computes the amount of 
adjustments of the wavelength of a checking light supplied from the light source 1 1 (or value of the 
wavelength of a checking light), and the 2nd sub step which adjusts wavelength of a checking light 
supplied from the light source 1 1 (or wavelength of a checking light the 2nd predetermined wave setup). 

[0044] Here, the example of the 5th step is explained based on the projection optical system 14 of 
drawin g 4 shown in Table 1 and 2. 

(The 1st sub step) As shown in Table 1 and 2, as shown in Table 1 and 2, synthetic quartz is used as a 
refractility optical member which constitutes the projection optical system 14 of drawing 4 . 
[0045] Now, if the relative index of refraction nrel of the synthetic quartz to 0.2484 micrometers (the 1st 
wave) light shall be 1.5083900, the absolute refractive index nabsl of the synthetic quartz will become 
like (13) formulas of the following [ relation / between the above-mentioned (7) formula, (1 1) formulas, 
and (12) formulas ]. 

(13) The absolute refractive index nabs2 of the synthetic quartz to the light of the 2nd wave will become 
like the following (14) formulas at it, if the value of an above-mentioned (1 1) formula - (13) formula is 
substituted for nabsl=nrel xnairL=l. 5088305 pan at an above-mentioned (7) ceremony. 

(14) nabs2=nairLxnabsl/nairH=l. 5088762 and wavelength shall have the relation of the following (15) 
formulas in distribution of the synthetic quartz near lambda= 0.2484 micrometer. 

(15) delta n/delta lambda=-56xl0-2 (micrometer- 1) 

Then, since it is deltan=nabs2 -nabsl, amount of change deltalambda of the wavelength of the light 
source is [ about ] from the relation of an above-mentioned (13) formula - (15) formula. -It is set to 
8.2x10 to 5 micrometer. 

[0046] Therefore, at the point whose altitude is 50m, the evaluation of the optical-character ability of a 
projection optical system 14 of the altitude is attained under the environment of the atmospheric 
pressure equivalent to 1000m by changing the wavelength of the light source into 0.248318 micrometers 
(the 2nd wave) from 0.2484 micrometers (the 1st wave). 

(The 2nd sub step) At the 2nd sub step of Step 5, the output wavelength of the light source 1 1 is adjusted 
so that the output wavelength of the light source 1 1 shown in drawing 1 may be set to lambda= 
0.248318 micrometers (the 2nd wave) based on the computed wavelength variation (deltalambda=- 
8.2xl0-5micrometer). 

[0047] That is, as shown in drawing 2 , the information about the 2nd wave (lambda= 0.248318 
micrometers) as setting wavelength called for at the 1st sub step of Step 5 is inputted into the amount 
calculation section 26 of adjustments through the input sections 28, such as a console. And the amount 
calculation section 26 of adjustments computes the amount of wavelength adjustments about a 
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wavelength-adjustment means (prism 22 and reflected type diffraction grating 21) based on the 
measurement information from the wavelength monitor 24, and the input from the input section 28. 
Then, the amount calculation section 26 of adjustments makes a wavelength-adjustment means (prism 
22 and reflected type diffraction grating 21) drive through a mechanical component 27. It is adjusted so 
that the output wavelength of the light finally oscillated from the excimer laser oscillation section 23 
(light source 1) by this may turn into the 2nd wave (lambda= 0.248318 micrometers). If the adjustment 
process of the output wavelength in this step 5 is completed, it will shift to the inspection process 
(evaluation process) of the following step 6. 

[Step 6] At Step 6, in order that the projection optical system 14 to which the aberration offset for high 
grounds was given by readjustment of the above-mentioned step 4 may check whether optical-character 
ability predetermined by the basis of the 2nd wave (lambda= 0.248318 micrometers) is filled, optical- 
character ability of a projection optical system 14 is inspected by the same technique as the above- 
mentioned step 2 (evaluation). The optical-character ability of a projection optical system 14 is 
estimated by the technique of trial exposure for example. And it is amended as spherical aberration 
shows the projection optical system 14 adjusted, for example as shown in Table 2 to drawing 5 (d), and 
it inspects whether as the distortion aberration of a projection optical system 14 shows drawing 6 (d), it 
is amended and is (evaluation). 

[0048] In addition, although the aberration view shown in drawing 5 (d) and drawing 6 (d) shows the 
curve of the spherical aberration over the 1st wave (lambda= 0.2484 micrometers) and distortion 
aberration in a basis of the environmental condition (the refractive index nairH of air is 1.0002617) in 
high ground If the optical-character ability (image formation performance) of the projection optical 
system 14 to which the aberration offset for high grounds was given is good, the spherical aberration 
and distortion aberration of a projection optical system 14 which are inspected in Step 6 will agree with 
the aberration curve shown in drawing 5 (d) and drawing 6 (d). 

[0049] Here, as a result of evaluating the optical-character ability of a projection optical system 14, 
when the optical-character ability of a projection optical system 14 is not filling predetermined optical- 
character ability, it shifts to the readjustment process of the following step 7, and adjustment of a 
projection optical system 14 is performed again. Moreover, when the optical-character ability of a 
projection optical system 14 is filling predetermined optical-character ability, it shifts to the wavelength 
reconfiguration process to the criteria wavelength of the following step 6. 

[Step 7] At Step 7, when it is judged that the optical-character ability of a projection optical system 14 is 
not filling predetermined optical-character ability in the above step 6, the projection optical system 14 
setting up was finished by many optical members (a lens, lens attachment component, etc.) by the same 
technique as the above-mentioned step 2 is readjusted. That is, at this step 7, in order to fully pull out the 
performance of a projection optical system 14 in which the aberration offset for high grounds was given, 
the interval between the optical faculty material which constitutes a projection optical system 13 (for 
example, interval between lenses) is changed, or a projection optical system 14 is readjusted by making 
the variation rate of the optical member which constitutes a projection optical system 14 carry out in the 
direction which intersects perpendicularly with an inclination or an optical axis etc. If the readjustment 
process of this step 7 is completed, it will return to the above-mentioned step 6 again, and optical- 
character ability of a projection optical system 14 will be rechecked (reevaluation). 
[Step 8] After it is judged that the optical-character ability of a projection optical system 14 is not filling 
predetermined optical-character ability in the above step 6, at Step 8, the wavelength outputted from the 
light source for exposure is reset as the exposure wavelength (criteria wavelength) actually used at high 
ground. 

[0050] When a projection optical system 14 is attached in the aligner shown in drawing 1 in the above 
steps 5 and 6 here, at Step 8, the light source 1 of an aligner is returned to the criteria wavelength (the 
1st wave) of an actual busy condition. As the technique of returning the light source 1 of an aligner to an 
actual busy condition is first shown in drawing 2 , the information about the 1st wave (lambda= 0.2484 
micrometers) as setting wavelength (criteria wavelength) is inputted into the amount calculation section 
26 of adjustments through the input sections 28, such as a console. And the amount calculation section 
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26 of adjustments computes the amount of wavelength adjustments about a wavelength-adjustment 
means (prism 22 and reflected type diffraction grating 21) based on the measurement information from 
the wavelength monitor 24, and the input from the input section 28. Then, the amount calculation 
section 26 of adjustments makes a wavelength-adjustment means (prism 22 and reflected type 
diffraction grating 21) drive through a mechanical component 27. It is adjusted so that the output 
wavelength of the light finally oscillated from the excimer laser oscillation section 23 (light source 1) by 
this may turn into the 1st wave (lambda= 0.2484 micrometers). 

[005 1] As mentioned above, an aligner is completed by passing through Steps 1-8. For this reason, the 
performance under the environment of the lowlands which adjusted and evaluated the projection optical 
system 14 of an aligner though this completed aligner was transported and installed to high ground can 
reappear under the environment of high ground. Moreover, an aligner may perform the process of Step 8 
in the place (for example, high ground) actually installed and used. In this case, between Step 7 and Step 
8, in order to make transportation to the high ground of an aligner easy moreover, without spoiling the 
performance of an aligner, it is desirable to once decompose an aligner into each unit (the light source 
11, the lighting optical system 12, projection-optical-system 14 grade) of every, and to assemble an 
aligner at high ground. 

[0052] The aligner which passed through the above steps 1-8 is transported and installed to high ground 
as it is (or transporting to high ground and assembling an aligner at high ground, after once 
decomposing the aligner which passed through Steps 1-8 for every unit installation). Then, a good 
semiconductor device can be manufactured also at high ground by performing an exposure process by 
the aligner shown in drawing 1 . The exposure process at this time lays photosensitive substrates (wafer 
etc.) on a non-illustrated substrate stage, and sets the photosensitive substrate 15 as the image surface of 
a projection optical system 14 while it lays the mask 13 for exposure on a non-illustrated mask stage and 
sets the mask 13 for exposure as the body side of a projection optical system 14 first, as shown in 
drawing 1 . Next, the mask 13 for exposure is illuminated for the light from the light source 1 through 
the lighting optical system 12, and the circuit pattern image of the mask 13 for exposure is projected on 
the photosensitive substrate 15 through a projection optical system 14. By this, the pattern image of the 
good mask 13 can be imprinted to the photosensitive substrate 15 under the environment of high ground. 
Therefore, a good semiconductor device can be manufactured under the environment of high ground. 
[0053] By the way, it faced inspecting [ set above and ] or evaluating the optical-character ability of a 
projection optical system, and the example using the light outputted from light source 1 1 self for 
exposure prepared in the exposure main part shown in drawing 1 was explained, referring to drawing 3 . 
However, the test equipment with the same composition as the aligner shown in drawing 1 and drawing 
2 only for inspection can be used for this invention, and it can also inspect or evaluate the optical- 
character ability of a projection optical system. In this case, the work habits which come out are shown 
in the flow chart of drawing 7 . 

[0054] Since Steps 11-16 shown in drawing 7 are the same as Steps 1-6 shown in drawing 3 , 
respectively, explanation is omitted. When the optical-character ability of a projection optical system is 
judged to be good as a result of the inspection using a checking light of the 2nd wave outputted from the 
light source of the test equipment in Step 16 shown in drawing 7 , it shifts to Step 18. And at Step 18, 
the projection optical system which passed through the above-mentioned step 16 is attached in an 
aligner main part with the light source set up so that the exposure wavelength as the 1st wave might be 
outputted, and an aligner completes it. 

[0055] At this step 18, the aligner main part shown in the projection optical system 14 and drawing 1 
which passed through the above step 16 may be transported to high ground in the state where it 
separated into each unit (the light source 11, the lighting optical system 12, projection-optical-system 14 
grade) of every, and these units may be assembled at high ground, and it may install, and an aligner may 
be completed. As mentioned above, the aligner which passed through the above steps 11-18 can be 
transported and installed to high ground, and a good semiconductor device can be manufactured also at 
high ground by performing an exposure process by the aligner after that. 

[0056] In addition, although the example shown in drawing 7 described the example which makes the 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/5/2003 



Page 18 of 18 



wavelength of the light source change into the 2nd wave of the 2nd checking from the 1st wave as 
exposure wavelength (criteria wavelength) of the 1st checking using one test equipment (change), this 
invention is not restricted to this technique. For example, the wavelength-adjustment process 
(wavelength change process) of Step 16 shown in drawing 7 can be skipped by using two test 
equipment. That is, the 1st inspection process of the above-mentioned step 12 is performed using the 1st 
test equipment equipped with the light source which supplies the light of the 1st wave as exposure 
wavelength (criteria wavelength) of the 1st checking. The 2nd test equipment equipped with the light 
source which supplies a predetermined light of the 2nd checking of the 2nd wave set up based on the 
difference in in the high ground and the environmental condition for which the environmental condition 
of the lowlands by which a projection optical system is inspected or manufactured, and a projection 
optical system are actually used is used, the 2nd inspection process of the above-mentioned step 16 You 
may adopt the technique to perform. 

[0057] Moreover, although its attention was paid to atmospheric pressure in each above example as a 
difference in the environmental condition of the place which the aligner containing a projection system 
adjusts and evaluates, and the place which actually installs and uses the aligner containing a projection 
system, it cannot be overemphasized that it may not restrict to this and environmental differences, such 
as a temperature gradient and a humidity difference, may be taken into consideration. Thus, after 
according to this invention performing adjustment of optical system and evaluation and attaining a 
desired performance, In order that equipments, such as an aligner, may give the aberration offset 
corresponding to the environment of the place actually installed and used and may next check 
beforehand the optical-character ability of the optical system in high ground By changing the 
wavelength of the light source of equipments, such as an aligner, it becomes possible to adjust and 
evaluate the optical-character ability of optical system with a sufficient precision. 
[0058] Moreover, this invention cannot be overemphasized by that this reverse case is sufficient 
although the above example showed the example with the altitude higher than the point which performs 
adjustment and evaluation of optical system in the point which actually installs and uses equipments, 
such as an aligner. "In addition, the claims 1, 3, 4, 6, 7, 10, 11, and 12 of the above claim and 13 grades 
It is based on the difference between the 1st environmental condition and the 2nd environmental 
condition, the publication of the purport " — according to change (difference) of the refractive index of 
the gas (medium) which surrounds the optical system (projection optical system) which originates in the 
difference between the 1st environmental condition and the 2nd environmental condition, and is 
produced, it can also consider as the publication of the purport " 
[0059] 

[Effect of the Invention] As mentioned above, in the environment same in false as the bottom of the 
environment in the place where the optical system is actually installed or used though there is a 
difference in the environmental condition of the place which conducts adjustment and inspection of 
optical system, and the place where the optical system is actually installed or used according to this 
invention, about the optical-character ability of the optical system, if adjustment and inspection are made 
simple under the environment to perform, ** will become possible. Therefore, it can also set in the place 
which conducts adjustment and inspection of optical system, and the optical-character ability of the 
same optical system as the place where optical system is actually installed or used can be adjusted and 
inspected with a sufficient precision. By this, the optical system which has good optical-character ability 
can be manufactured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the rough composition of an aligner. 

[Drawing 2] It is drawing showing the structure of the excimer laser used as the light source of an 
aligner shown in drawing 1 . 

[Drawing 3] It is drawing for explaining the procedure about one technique by this invention. 
[Drawing 4] It is the lens block diagram showing one example of the projection optical system in the 
aligner shown in drawing 1 . 

[Drawing 5] It is drawing showing the situation of the spherical aberration of a projection optical system 
shown in drawing 4 . 

[Drawing 6] It is drawing showing the situation of the distortion aberration of a projection optical 
system shown in drawing 4 . 

[Drawing 7] It is drawing for explaining the procedure about the technique of another ** by this 
invention. 

[Description of Notations] 

11 Light source 

12 Lighting optical system 

13 R Reticle 

14 Projection optical system 

15 W Substrate (wafer) 

21 Reflected type diffraction grating 

22 Prism 

23 Excimer laser oscillation section (laser chamber) 

24 Wavelength monitor 

25 One-way mirror 

26 The amount calculation section of adjustments 

27 Mechanical component 

28 Input section 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 5] 
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[Drawing 6] 
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a £ & a-*- a tu xa t , 

H^P**J|LHJXeJ-r#6ixfci!(rE**»^BIi-SBI 
SS(d£<5t *TiWE#** SrBSfi-r S SB 2 llll t , 
WE*3lE*ojBt*Sr»ltti-S«*BiaEXai: > 
SttE»*W*XS(-J:oTW»Snfc«3lE*S:fflv^TW 
EIB 2 SMexSK J: o rnaESnfcH9E**»<753fc*W 
t£2rffuEIB 1 mm&i*<n 1 <h -CS*3lEi--S* 2 *3(EXa 

[ft*^7] W!rE*«IPfflEXfiM:, lffiE»l 
l!ffE*2||t**fl i fc<oli»^X<5v^-c, 8MB#^35<z># 

fflXSSr^tf c «r*M»i:-r-BI(l*9l6 K:K**>jfe¥3R 

a w Sr*M*i 6 Xf4»*qi 7 KB*©** 
[»*«9] »*«8«cE«©***^»5fi*i5fe{cj:o 

xat. 

WE*^o«ffi{^SlJE«53tttS««:3S:^-rsS4gia:^ 
xadr. 

me^ i «isxa-cfflt^i(aE**fcttfi!rE* i «isx 
xm^^xmm^^f&Mm^&mmjumt, 

«*^*^M«r5JWxai:«r*tpcifc1»»t + 

SffER^SgB^SSi® * tt 5 » l ^ iESigl 

3^ltffl**tSJB2ai«*fl=i:©|6»^as<5v^"C. 1251 

it^f*^ 1 1 -CHJrEiftje*^*<o*¥tt«B^*3« t ft s 

J: 9 J-WES«jt^^Hi-SWSE*S:3»ai--&lBISE* 
^tbxai:, 

^■«*»mxa^T#&nfciWE^***^Hr 

»ft5«3tEfflO*OttftjcW«1-S«*»«EXS^ , 

v ^ r ittjEf^xai- «t otil $ tifzmm^B 
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m i mm&i*<Dt>t xmm&^ft^*mmi-z>m i m 
mzm i mmum^ x o xmm. z titimm^yt^<D 

fctJfl^TllME* l fc £ -CEHE-raSS l 

m&m i wiExax^BtrE* i **xs^nff *na» 

1 mmikVF t mtmitmm&mm s ft s # 2 t 

» ^>**tt«^»ai t tn z x 0 iciiiieaif*** k us-r 

5waE***m^*w«MM»fcBxg£. 

Hufaw«s»axg^T»fetbyb89iB®«3t^«-Hi- 

mcttftMSxa^ x o til s ft * oh&ess 

2 ^Sffl (D%*m v ^TMIS 2 illil: J: otil £ ft 
[|»*3gi 3] H91ERfi»ISXSfis «T1E» 1 

fi«r#fc*ttft#axefc^tr;i t srwa^-rsst** 
[HMPgi 4] sfreBKt3s«3&s«fflSftsffiris*2ai«E 

ft«=oti:«cHllSftSi£^. «JIE*aR^&tH*SftS 
3tOjRfi&MIES*iKft^K:Si-5S2P«EfiS9:*XSS: 
S5)i:tt5Ctt»ttt5 If* 1 ! 1 0 7S^W** 1 

3 £H *-fftri> 1 «^|E«^R3t»«<08ajS*ffi o 

i^oxuss ftfc»*ss«*ii«rs xa * . 

H8WXS4:. 
[0 0 0 1] 



[0 0 0 2] 

aH-5fc«>lc, Bf«^*->3flS»**ftfc«»IIWiRi: 
j^S*-rs^iSS^ffli/^ftTU^ 0 C©«fc9ftB* 

**>*r***ftaR«jB^©aie****fflv^6ft 

[0 0 0 3] (ft*. iS«C*3V^Ttt, jftfi 

***^tssicft**fts*^-©*a*dSi«* «9 . 
mm±^^^ti^y<^-^hwmit<D-m^ti^<>x 

*««rjtar5fc»«-«i. «*»«*©ais*^*^*3 

ft£o 

[0 0 0 4] J;^^«f^^Mt^t^(^ S^3t 

^^BBp» (na) *s*#<fto-cv^S^ira«FJc 

•**Sr«f&-rS*j» 1 b g*§l (436nm)^ i & (365nm) 
x^v"7L if > P>ft#T#> bftT I/ Clft^CD 

«**«^R**ftT**tc*tffl-*fts»Bftt, 

rLfclflCirttlB&fcv*. Will B%»K*SRR3ft 
T*RHc«ffl*ftS»Bftt, ■r*36«<oa**^*^w 

[0 0 0 5] 

[0006] ^jdiov^Ttt, »3t3sa^a»^*^ 
mm, mm*ft?mm osjlt, «*4:i»a ) tu^ss 

«dS||ja^K«Xt/ttffl*ft5«i« («T, J^ifei:^ 
•toTaHS**3R«:Bfa©IS«tt1IB^i-S. « 

[0007] L*»Lfcase>, a^*^j-*5i^rs>ss 
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^i&&*ir t £mj±W^ Y ^-^(T);*:^ 9 ftlStS <?: 
[0 0 0 8] EJL±0«HHJ-«*"C35C 

nsmaEftftirlffl ISKfcS J: 5 U:W*2itJWflir-#»5 

lirtlttiUV^. 

[0 0 0 9] 

a £ ft ^ * 1 mmzkft t ituie^^ as«ffl $ *i s SB 2 a 

fflt^rSftlB*^*0**ttt6*r«k3lc-rS*3EXSSr#-r 

[O O 1 0] »#«2K:«5»«tll, HSfi^o 
» 1 v^r***©**tt*«r* 1 mmtk\*<o 

t^t^StSll^SlSi:, *JE#^a s ttffl£*i 

jpfflxs £ . *rEw**irmxaj-r» fen^wriE*^ 

*^B8t-SW»*JC*<5t^rWB*^*Sr»l*-r5*^ 

«t or $ nybSfris*^o3t^ttffiSrBuSa^ i»i 

[0 0 11] »*«3^«6*«r*tt, #**03te^«E 
«3iS««E * tuS * 1 mm^ki* t IWE#^* tfttffl 
JB 2 «aE*fl=i: ©36*^31^ ^r, #2Bt#ftfl=G>fc£ 
^1WIB***©**tt*8^«ili:4* J: 51-1WE#¥* 
t-BB-t"5WS*Sr*tBi-5IH»*»tUXS^. iufSP^ 

**mxs^r#^ft/cBuie*^tc:Bi-t*swtt*i-K 

<5v^r«rE3te**SrW«Ei-S**BiaEXefc, ftnE*;^ 

t6KfiiSli^, ?WE«fi»MixaK«fcorWS£ 
ix^K*fc«otj|3lEffl<03tSrfflv^rBltE**iiaEXaic 
J:oTP»*nfcWE*#*©**»tt*rimE* 1 St*t 

[0 0 12] |»*^4^«S«^rtt, JbEfS**g3<o 



*t**stt*i(mxat*tf**a5©»J6*isfeSr»tt 
[0013] »*3i6^«s*wt?tt, mimm0kf¥<D 

fei-e***«ril«Ei-S*l»l*xa4:. iffif HI 
xaJ-<tor9fS*4x^SfrE3t^^>3te^f±fiBSr^f^ 
jfiSS:«FO«iat*Srffl v ^r HffE» 1 mm$ki*(D fc 1 "C* 

ac-rsmiBisxai:. ii2f niigs^Siiesi 

«atX8* s llff Stt5!B 1 Ht»*fl=i:«lrE***35S«ffl 
S*tS*2Hl«E*fl=i:©Sill«-*<3v^r. SfjEfg2fS!ii 

J»E#*IHK 6 lit Sr 3? tHi" S ISi» ttJ xa 

5W«*ic*^v^r«rE*^*Sr»i«E-rsJB2»iaExa 

(WB««E*«>**S:WSEi"Sttft»l*xai:, iE 
SftWSEXaJ-J:or9l«E*ixfc«aE3tS:ffl^rffirE* 

2 w«xaj- «t o rwsi $ ftfc«rE#**^#^*!«S: 

[0 0 14] »*3l7^«5*W"ert:, It*ll6(7)^^ 

\zm-3$. HUE»tSSisxafi. bije^i^^+^m 

II^*^o!I^?:»t 5 ^T^^o It 
#Jg 8 lc«S»WeHt. XEit*iS 6 &U*fif 7 

[0 0 15] B»**9^«S3BW-ef4, §»#Jg8KE« 

a5***©asffl*"ttfc «t o r mm s *t*:*¥* 

5IS^, ME^^^^StcME-^^^^iS^-rs 
-^*:?l£^xa<t. «rE*^5R«>«ffi^StrE«3ttt*« 
£s££i-5g*i£/Exa£:> ffiEJBitfOtxa-effivyfc 

*£^oft£®^fflco^£: LrffiivrffifE^^fcJSW 
tSlilSt, HuESJ^3t^^urmjE^^^c^ 
— >««r!WE**tt^Kai5r aa»xat 

[0 0 16] B#Sioi:«58flm Bf^o^^- 

B^St3S*jSfet-*3^r. HttEll3t3S«3ft s «3SStb-5»l 
***{4= t i»E«*ifi«^ttffl $ tt 5 % 2 flit^ft fc cd 
S»«-*-3^r, fB 2 ai»jfe«=<o fc t -e«TE»Jg*¥* 



♦SfHJspl 1- 3 5 2 0 1 2 



[0 0 17] ff*3Sl llC«6»WCtt, 0(D 

k*ME*2liaiS*f1=i:(oaEWJ:at<5#, ttfle»»*#* 

^^iit^iniit^, H(nE^i»«xe^«t 

»jfefl=©fci:-e*3lE-r5fBl1ft3tEXSi:. SfrlB^ 1 WS 
XSSt/HufB^ 1 «aEXeasHfT**i5» I 

V>T. * 2 »**f*ot>fc^WESJf 

a**2l fc ft 5 J: 5 K MneSj£%¥X 5 iSt^S 

a5-r^>pMft»mx^<t, »EB«**tHxgf::-c»& 

ttS*oX*iftft^*2tft3£ffl^3to«*^W«^SR 
«»SEXg£. W1BJ6*»iaEXSlz:J:oTPaESixfc* 
ftSrWpoSWEJB 2«3EfflO*Srfflt^THfflE 2 fiSX^i^ 
«t o Til £ ftfcfllrtE«##¥* ^ft^«H* Sr BU1E» 1 
( 2 ) ( n s - 1 ) X 10 8 



[0018] fB*« 1 3 f£« 53891"^*. f»*»S 1 2 (7) 
iSWcX^T. «rlEtt*«l*XStt. MfBJg l gtSI^ 
ft=i«WE*2ai**fl=i:Oft*^*^#, SfTlEftlg*^ 

tt***ftStt*»axS**fe«r3t3S««>»it*flfe*: 

3gl 0^S*3Sl 3<Ot^i*iX^l«OJBWicX<5#, 
MCB*S11**f£ffl * SMS* 2 mm&i*e> t> i fcl£ 

[0019] 1 5 ^«6«W-Ctt, »#JS 1 4 Id 

E^^^SrBBW-rSflSWXSfc. WrK»IB3ft*5R S:^ L 
[0 0 2 0] 

fllff* ftEEXt^SftojaKir^BBfiRttJEilT^ (1) 5£tc 

a. 

(1) h=18400(log B 0 -log B)(l+oT) 

HT% hmMm (m) N B 0 fii&lfe-eeO^JE (hP 
a) % BttK*-C^«BE (hPa) . o^igftBSfltft 

(a =0.0036728), Ttt«« h-"T?<Dffi«OiBfl[ (° C) 

[0 0 2 1 ] (15° C x 1.01325 X 10 

5 Pa) tt©*(7)Sf a. (X^^TIiO. 2 — 1. 3 



(2) ^(C^ti^t^X. <b*L£ 0 
6432.8 + 2949810 /(146-A. 2 ) 

+ 25540 /(41 - a." 2 ) 
MP (Pa) , &%L<DUJ&T (° C) RXf^m. TLhtlZ* 

(3) n air = 1 + [(n s - 1) P (1+7.501 X 10" 3 P 0 T ) ( 1 + 15 a ) ] / 

[1.013 X10 5 ( 1 +760 5 15 )(l+aT)] 



Bj&xf&isiattti^ti&T =(1.049-0.01 

57T) X10" 6 S 0 ,5 = 0. 8135 X10-*<DHB&fcf&±LirZ> o 
[0 0 2 2] fit, ±§E (1) 75 S (3) ^J: 9, {£ 



$xt(d (4) ^cor^^3i-r5o 

(4) n airL Xsin 0 l =n absl Xsin 0 / 

JSktc, «i*^*5*t4***Sr««"*-SUvX«Ss© 

oSlfifi;,O*i»^A»ftSr02^ 



- 5 - 



1-352012 



(5) n airH Xsin 0 2 = n absl X sin 0 2 ' 

~ CT\ 0,=0 2 > 0i=0 2 ' ifttflfcM 

[0 0 2 3] z<Dlz*b* &MX~<Dm9rfttM)&X*<DmVx 
abs2 £-r3£:t> ^T<o (6) sS©H«**J£i"*btfft 

(6) n airL Xsin 0 2 = n abs2 X sin 0 2 ' 

«ot, ±ie (s) axuuife (e) *oBB«^e>KT 
<d (7) s:d$»ffl-e#4 0 

(7) n abs2 = n airL X n absl / n airH 
3t^^^Ojfe^j-®^^-bf5 (7) ^idffi^"f6^2S 

[0 0 2 4] fe*3. r<D»£\ *^*<o**tt«S:J:0 

HI 2 Lftri* b**W©H*«>JK*^oi^TRW-r 

[0 0 2 5] U l ti*^PJoj|Jfe^ffi{cJ:5S^:3gS 

fit. 248nm GD&fi^ftO if *Sr3gS"T 5 K 

r Fx^l/- if^l93nm <D«[*S:«FO If*** 

[0 0 2 6] ft**. 8itliB*Ltv^v* B8W3t 

SM6^-AS?B*?S, if— 
©^ft^l+T**©*!****-*"^^^^*/^ >^ 

ttSlftLT. l 3?:ltWl:Mt6 3yf>t 



[0 0 2 7] ST, mW%¥3k \ 2tdJ:oTB8W**tfc 
^teSffi (^^) 14|:(£? (»5t) Stb5 0 

t% jsue#**i4w\ &m<Dmift&yt^m^Fxmj&& 

[0 0 2 8] I2ffll \^tz.m%$iW<0%M lit 
1f*jR©fl|feSr^UTl^o 0 2 id 
^-TJ:5i-> ^^v^u— if****, ftffiSS 
IfSr^tpji^^"^^— 1f*«» (u— «f^-r>^— ) 2 
3. Xy X^2 2 i:Sitffiia«f«-T-2 1 fcSr*^*^ 
-^u— if*S95 2 3^f)tH^^ns ifft<£>fc^2r#e 

if*ag^^#tmsns*«ib:sttfcix— ifjttt, m 

[0 0 2 9] m^p-v^U— if3tM^btB*SttS 

if 3t^WWffllJJ-fi. if h mti £ 

ft* tx-if 3tco l 2 5 tfSEK 

T(DStS^e^^ — 2 4^Jt^>ttTV>^ 0 r.cDi£^^^ 
^(03t^^-*ffi^TW— if^coRS^fflSSttSo S 

fcM, C ORg^— * — 2 4 {^TftS'J £ tltc U—*?Jt(D 

Bi*8fta s i9i-eftv^*, ^s^-^^-2 4^tw-»j 
R-RSiiHiiffHF^ 2 1 (^S) *»m-rs 
«*»tB»^6^«*J-*<5v^T. ftiafefltSB^^^y 

[0 0 3 0] ^^o. ^^-r^^SS^^A^ff^fi, 3 
>y-/u^<7)A^^2 8^1X111^^2 6 ICA 
*$tt. 2 6 iSS^e-^— 2 475^cO 

ti-fflff#^A^^2 8^b^A^tf#<t^S^V^TSS 

w**® cxyx^2 2 j ?»Rjta!ieiw» j f-2 i) tcr^-r 

Sft^PSft^^tti-rSo £JL±^>EI2^^-rttS^jKS9l 

[0 0 3 1 ] J^_L(0{gIl^r>'IgI2(C^Lfc^3 , 6^Si-cl: 
ot*«^CJ:5gf*fl l 4(OW«*-ffi{-ov>TIU 

(^T^^l) fi*^*5V^T, 0»CDjt^Sl5«- (U> 

4^Iit^o o^«9, ^(O^y-yf 1 Tfi. 

^ i 3 ^tMt6*^M^^i^lit^i§i: 
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— titi^x v^^v i 3«r»3£u 

l 5 £rr£/E-r£ 0 tit, [Hi tc^-TJ: 5 * 
3«:flBWU SJ^^l 4^LTr^ h"^** 1 3 

[0 0 3 2] ft**, fi^ft^ 1 4 ©ft^ttflBS:** 
Clo'^TS^m 1 4©#^ttttfc#«W^tfctU • 

[0033] «Jifc^fc#ffiicJ:oTSie# 

**14©*»ttltMLfctt*, SJfc*^* 



So 

[00 3 4] 4i\ 1 4 (7)11, 

rS£?Sftl 0 0 0m. fi*XVifif*-C»S«<Offla (ft 

4 8 4 Mm. ^r^Om (iSOm) T'CD^jE&r 1 tUE 

(1013. 25hPa) , mM 5 0m ((gift) 
■C^^JE^:B L k-tZt. mm 5 0m ((&±fi) coifed 
-e<^^JEB L tt. iffi&Lfc (1) i^^T^^f- 
(8) H<D£?{cteZ> 0 

(8) B L = 100 7. 4207hPa 
£fc, illOOOm (i^lfe) ©M"e(D*ftES:B„ ■ 

h»> BuiEbfc (i) HfrhSLTlCTH-i- (9) ^(7) J: 5 

(9) B„=9 0 2. 8 2 2 1 hPa 

: 1 5° C, «J£ : 1 . 0 13 2 
5X10 5 Pa = 1013. 25hPa) H^tSSfi 
#0. 2 4 8 4 /im(7)Mtr$il _bf£ (2) <9 
j^Tt-^-r (l 0) 5t£>J;5l-ft5o 

(10) n s = l. 000 30 1 9 

fi£o"C; i^5 0m^)M (i&Mfe) ~C0>aSft#O. 2 4 
8 4/im©3t»f5 2 3° C<03SSWH#r3£n 
airL Jl, ±15 (3) 5^iC_bfe (8) S»t5 (10) 5t£> 
fiSrftA-rs^it-J:^. J^T^^i" (11) ^(DXo 
(cft£ 0 

(11) n airL = 1. 0002920 

— *\ mm 1 0 0 0 mtOSfi^ o . 2 4 8 4 M m(D)t 
ra«2 3° C^M<7)lff*n air!1 ll ±|E (3) 
^iC±|S (9) 5£Rtf (10) ^(OffiSrftA-rSw^^ 
£9. aTi-^-T (12) ^«t5l-*So 

(12) n airH = 1. 0002617 

»bttfc{ft»^at«*fl=<Ot ^XCO^COSW^ (n 

airL = 1 . 0 0 0 2 9 2 0) , mnuomytjkflriD t>bX* 

<D£fx(Dmtfrm (n air „ = 1 . 0 0 0 2 6 1 7) 

v^-c, m i ic^i-^^t^ i 4 zmjfcir%m$k<D%:¥ 

£ ft 6 «t 9 \z m M rfi] «■ copSSX (iiSI ^*^6 0 

[0 0 3 5] r^T% I4^f^3tf 
* l 4 © i/yXf-^ S:* l i:»lf 5. J^Tco^ 1 tc^ 
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(Mis) fc«-cfi»-e©**tt«*+»*-5i#ai* 

f lii 3 C/^t i/>X(7)tt^ tt^So fab. ^ i 

0 . 2 4 8 4 m m<D3t{C*f-rS^^C0B»r^^. 

1 . 5 0 8 3 9 0 OT'fe^o 
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LTV^o @5K*5tt5 (a) RXfi (b) «U -LIE* 1 

^-^LT^5o HjSiCio^T. (a) liIi|5 0m(Z) 
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